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D-E.R* R* RU R^R•etXhavelhe^Kanin(givealAd)edeac^^ These new caompoundi eoHspemo with lubulfo 
rormedmiaoQtbulL They tie able to afreet cell ipliRmg In a phate-«pedfic way and are uselU for the tre«^ 
u ovarian, stomach, colon, lung, head or neck cancer, adeoocardnoma, malignant melanoma and aode lymphoid and myeloid i . 
Tliey are also adapted to anti-angiogenesit ihenipy and to treatment of chronic inftammatkm diseases (pMriaali, anhrUa). Ttoe mgm 
compounds can be applied on polymer materials or introduced therein to avoid uncontrolled pfoliferttiQn on medical Ipiplantt Md to 
improve tolerance oT these medical implints. The inveathe compounds can be used alone or In combinatioQ whh odier \ 
1 of substances whidi can be ttsad In tumour therapy to obtain wspecdvelysddl^ 
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Epothilone Deriyatives, Tlieir Preparation Process, Intermediate Products 

and Their niarmaceutical Use 

The cytotoxic effect of the natural substance epodulone A (R « hydrogen) and epodiilone B 
(R s methyl) 




epothilone A (R « H), epothilone B (R «* CH,) 

is described by HGfle et al., for example, in Angew. Chem. 1996, 108, 1671-1673. Due to 
the in-vitro selectivity to breast- and intestinal cdl lines, and due to die fact that diey have a 
significantly higher activity in comparison to taxol against P-glycoprotein-forming, multire- 
sistant tumor lines, as well as because of the physical properties which are hnproved in 
comparison to taxol, for example, a solubility in water which is 30 times higher, diis novel 
class of stiuctures is of special interest for the development of a drug for the tbeaipy of 
malignant tumors. 

The natural substaooes are not sufRcien^ stable, eithn diendcally or metabolicalty, for 
development of a drag. In order to eliminate these disadvantages, modifications are 
necessaiy in the natural substance. Such modifications are possible only by total synthesis 
and require synthesis strategies which make it possible to produce broad modifica^ons in the 
namral substance. The goal of die structural changes is also to increase die therqwutic 
spectnim. This can be done by improvement of the selectivity of action and/or by reduction 
of undesirable toxic side effects and/or by increasing die. activity. 
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The total synthesis of epothilone A was described by Schinzer et al. in Chem. Eur. J. 1996, 
2, No. 11, 1477-1482 and in Angew. Chem. 1997, 109, No. 5, p. 543-544). 

^othilone derivatives were already described by Hdfle et al., in WO 97/19086. These 
derivatives were prepared starting from natural epothilone A or B. 

Another synthesis of epothilone and epothilone derivatives was described by Nicolaou et al., 
in Angew. Chem. 1997. 109. No. 1/2. p. 170-172. The synthesis of epothilones A and B 
and of some epothilone analogs was published in Nature, Volume 387, 1997, p. 268-272. 
The synthesis of epothilone A and its derivatives [was published?] in J. Am. Chem. Soc., 
Volume 119, No. 34, 1997, p. 7960-7973, as weU as the Synthesis of EpothUone A and B 
and some epodiilone ... 
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where 

R'\ R'' have the meaning already given in general foimula I for and R* and 
R^ is a hydrogen atom or a protecting group PC 

U an oxygen atom, two alko:^ groups OR', a Cj-Cio allgrlene-o.w-dioxy group, 

which can be straight-chain or branched, H/OR*" or a group (^"R*'. 
whoe 

R* stands for a Ci-Cu alkyl group, 

R>o stands for hydrogen or a protective group PG*, 

R". R>' are the same or different and stand for hydrogen, Ct-Cw 
aryl, CVCn aralkyl group or R" and R*^ together widi the 
methylene carbon atom stand for a S- to 7-membered caibocy- 
clic ring 

W is an oxygen atom, two alkoxy groups 0R?\ a C2-C10 alkylene-a.&hdioxy 

group, which can be straight-chain or branched, or H/OK°, 
where 

R21 stands for a Ci-Cjo alkyl group, 

R" stands for hydrogen or a protecting group PG^. 

IS. Intermediate products having general formula BC 



BC 

where 

REPLACEMENT PAGE (RULE 
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R\ R**, R\ R^ R*. R^*, R', R» D, E. U and V have the meaning already given. 

16. Intermediate products having general formula ABC 




if 



ABC, 

where R'*. R'^ R^, R», R', R**, R**, R», R\ R*», R^ R\ R" R", D. E, U and Z have the 
meaning.already given. 

17. Pharmaceutical preparations, containii^ at least one conq)ound having general formula 
I according to Claim 1, as well as a pharmaceutically conq>atible carrier. 

18. Application of the compounds having general formula I according to Qahn 1, for tbc 
production of drugs. 
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{Gennan page 4 seems like a condsuation of German page 1 - T.] 

analogs are described in J. Am. C3iem. Soc., Volume 119. No. 34, 1997, p. 7974-7991, also 

by Nicolaou et al. 

Nicolaou et al., also described in Angew. Chem. 1997, 109, No. 19, p. 2181-2187 tbe 
preparation of epothilone A analogs with combinatorial solid-phase synthesis. Some 
epothilone B analogs are also described there. 

The task of the present invention consists in making available new epothilone derivatives, 
which are sufficiently stable both chemically and metabolically for drug development and 
which are superior to the natural derivatives with regard to their therapeutic spectrum, their 
selectivity of action and/or adverse toxi^ side effects and/or their strength of activity. 

the presem invention describes the new epothilone derivatives having general formula I, 




I, 



where 

R>«, R>»» are the same or different and stand for hydrogen, C,-C|o alkyl. aryl, CrCjo 
aralkyl. or together for a -(CHa), group with m « 2. 3, 4, or 5, 

K\ R» are the same or different and stand for hydrogen, Cj-Cio alkyl, aryl, CrCjo 
aralkyl, or together for a -(CHj), group with n « 2. 3, 4 or 5, 

R5 stands for hydrogen, Q-Cjo alkyl, aryl, CfCn aralkyl, 

R\ R* are the same or different and stand for hydrogen, C|-C,o alkyl, aryl. CVCao 
aralkyl, or together for a -(CH,), group with p - 2. 3, 4 or 5, 
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H H H H 



R' Stands for C,-C,o alkyl, aiyl, C7-Q0 anilkyl, 

R', R^ each stand for a hydrogm atom, together for an additional bond, or an oxygen 

attnn, - 
R^ stands for hydrogen, C|-Cio alkyl.'' where the all^l group can optionally b e 

s ubstituted by one or several halogen atoms and/or hydroxvl groups . 
R' stands for hydrogen. Ci-Cn alkyl, axyl, C7-C20 arall^l, all of which can be 

substituted, 

X is an oxygen atom, two alkoi^ groups OR*, a Q-Cio aU^lene^e.c^-dio}^ 

group, whidi can be straight-chain or branched, H/OR** or a group CR"R**, 
where 

R' stands for a CfCu all^l group, 

R>o stands for hydrogen or a protecting group PG^ 

R", R*^ are the same or different and stand for hydrogoi, a CfCn aU^yl. 
aiyl, Cr-Cjo arall^l groiq>, or R" and R" togedier widi the 
methylene carbon atom stand for a 5- to 7-membered caiboqr- 
clic ring, 

Y stands for an oi^gen atom or two hydrogen atoms, 

Z is an oxygen atom or H/OR", 

where 

R" is hydrogen or a protecting group PC, 

including all stereoisomm fhmi these compounds, and also their mixtures. 

The preparation of the new epothilone derivatives is based on linking three fragments. A, B 
and C, and is done analogously to that already described for qwthilone A and epothilone B 
derivatives (that is, instead of R', only a hydrogen atom can be there) m WO 99/07692. The 
interfaces are as shown in general formula I* 
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A means a C1-C6 fragment (epothilone numbering) of the genml fomnila 




A. 



where 

R"", R"»', R*** and R** have the meanings already given for R^ R*", R" and R», and 
Rw is CH^OR** CHrHal, CHO, COjR>*», COHal. 

R« is hydrogen, OR**, Hal. OSO,R»*. 

R*^, Rtsa ^ hydrogen, SQi alkyl, SO} axyl, SO] aialkyl or together can stand for the 

-(CHj), gtonp or together for a CR'^'* groiq>. 
R'*, R>» are hydrogen. C,-Cao alkyl. aryl. CrCjo aralkyl. 

R"*, R'^ are the same or different and stand for hydrogen, Ci-Cio all^l, axyl, Cr-Cn- 

aralkyl, or together for a -(CH,), group, 
Hal is halogen, 

0 is 2 to 4. 

q is 3 to 6. 

including all stereoisomers as well as their mixtures, as well as die free hydroxyl groups in 
R'* and R'' can be etherified or esterified, the free caibonyl groups in A and R'^ can be 
ketalized, converted into an enol ether or reduced, as well as the ftee acid groups in A can 
be converted into their salts with bases. 

B stands for a C7-C12 fragment (q;)othilone numbering) havmg fbt genbral 

formula 
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B 

where 

R'*, R^*, R** and R** have the meanings already given for R', R**, and R^, and 
R" stands for a hydroxyl groiq), halogen, a protected hydroxyl group OPC. a 

phosphonium halide group PPhj+Hal* (Ph = phenyl; Hal » F, Q, Br, I), a 

phosphonate group P(0)(0Q)2 (Q « C|-C,o alkyl or phenyl) or a phosphm- 

oxide group P(0)Pbs (Ph - phenyl). 
V stands for an oxygen atom, two alkoxy groups OR", a Q-Cio alkylene-a,»- 

dioxy group, which can be straight-chain or brandied, or H/OR**, 
R" is Q-Cjo alkyl. 

R'' is hydrogen or a protecting group PG*. 

C stands for a C13-C16 fragment (epothilone numbering) having general formula 

c 

where 

R^', R*' have the meaning already given in general formula I for R? and R*. and 

R^ is a hydrogen atom or a protecting group PC, 

U is an oxygen atom, two aUcoxy groups 0R^ a Cj-Cio all^lene-ecbHlio]^ 

group, which can be straight-chain or branched, H/OR'" ot a CR^'R'^ groiq>, 

where 

R' stands for .a Ci-Cjo all^l group, 

R'^ stands for hydrogen or a protecting groiq> PG*, 

R", R*^ are the same or di£f(nent and stand for hydrogen, a Ci-Cjo all^l. 
atyl. a CfCn aiaXkyl group or R" and R" togedier widi the 
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methylene caibon, stand for a S- to 7-membeiwi caibocyclic 
ring, 

an oxygen atom, two alkoxy group OR*', a Q-Cjo aIkylene-a,«-dioxy group, 

whidi can be straight-chain or bramdied, or for H/OR", 

where 

R" is a Ci-Cjo alkyl group, 

R^ is hydrogen or a protecting groiq> PG^. 

As alkyl groups R^ R*, R^ R*, R', R*. R', R^**. R'* and R", straight-chain or branched 
alkyl groups with 1-10 carbon atoms come into consideration, for example, methyl, etlqrl, 
propyl, isopropyl, butyl, isobutyl, tert-bulyl, pentyl, isopcntyl, neopentyl, heptyl, hexyl, 
decyl. 

As alkyl groups R», R», R'", R", R", R", R**. R** and R". straight-chain or branched alkyl 
groups widi 1-20 carbon atoms come into consideration, for example, the groiq)s mentioned 
in the previous paragraph as well as dieir corresponding higher homologs. 

nie alkyl ffoups R»', R* R^ R^ R'. R*. R'. R». R'. R". R". R". R". R**. R'*. R'^ 
R'* and R*' can be peifluorinated or substimted by 1-5 halogen atoms, hydrosgrl groups, Cr 
C4 alkoxy groups, Q-Cii aryl groups (which may be substimted by 1-3 halogen atoms). 

As aryl group. R>', R^ R^ R*. R', R*. R'. R«. R". R". R". R". R'^ R**. R**" ^ 
substituted and unsubstituted carbocydic or heterocyclic groups with one or several hetero- 
atoms, for example, phenyl, naphthyl, furyl, thienyl, pyridyl, pyrazolyl, pyrimidinyl, 
oxazolyl, pyridazii^l. pyiazinyl, quinolyl, thiazolyl, which may be mono- or polysubstituted 
by halogen, OH, O-all^l, COjH. COi alkyl, -NHj, -NOj, -N3, -CN, C,-Cjo alkyl, C,-Cjo 
acyl, C1-C20 a^loxy groups, come into consideration. 

The aralkyl groups in R". R»*. R^ R*. R', R*. R'. R». R". R". R". R**. R'*. R**. 
and R'* may contain up to 14 C atoms, preferably 6 to 10 C-atoms in the ring and 1 to 8, 
preferably 1 to 4 atoms in the alkyl chaip. As aralkyl groups, for example, benzyl, 
phenylethyl, naphthyhnethyl, naphthylethyl, furyhnethyl, thienylethyl, pyridylpropyl come 
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into consideration. The rings may be monosubstituted or polysubstituted by halogen, OH, O- 
alkyl, COjH, CO, alkyi, -NOj. -N,, -CN. Cj-Cm alkyl, C,-Cjo acyl, Cj-Ca, acyloxy groups. 

The alkoxy groups contained in X of general formula I should each contain 1 to 20 carbon 
atoms, with methoxy, ethoxy, propoxy, isopropoxy and t-butyloxy groups being preferred. 

As representatives of the protective groups PG, alkyl and/or aryl substituted silyl, Ci-Cjo 
alkyl, C4-C7 cycloalkyl, which may contain additionally an oxygen atom in the ring, aryl, C7- 
C20 aralkyl, Ci-Cjo acyl as well as aroyl aie to be named. 

As alkyl, silyl and acyl groups for the protective groups PG, the groups known to the person 
skUled in the art come into consideration. Preferred are the alkyl or silyl groups which can 
be easily cleaved from the corresponding alkyl and silyl ethers, for example, methoxymethyl. 
methoxyethyl, ethoxyethyl, tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl, triethylsilyl, 
tert-butyldimethylsilyl,.tert-butyldiphenylsilyl, tribenzylsilyl, triisopropylsilyl, benzyl, paia- 
nitrobenzyl, para-methoxybenzyl groups, as weU as alkylsulfonyl and arylsulfonyl groups. 
As acyl groups, for example, formyl. acetyl, propidnyl, isopropionyl. pivalyl, butyryl or 
benzoyl, which may be substituted with amino and/or hydroxyl groups, come into consider- 
ation. 

The acyl groups PG» and PG* in and R" contain 1 to 20 carbon atoms, but formyl, 
acetyl, propionyl, isopropiot^l and pivalyl groups are preferred. 

The index m in the alkylene group formed from R" and R"^ preferably stands for 2, 3 or 4. 

The GrCio alkylcne-a.«-dioxy group possible for X is preferably an ethylene ketal or 
neopentyl ketal group. 

The group R" is preferably a hydrogea atom, a methyl, ethyl, propyl, hydroxymcfliyl, 
fluorometfayl or trifluoromelhyl gnnq). 

The substituents can be chosen in the compounds having general formula I hi such a way that 
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R', R'*', R*, D-E, R', R*, R" and R' can all have the meanings given in geneial fonnula I 
and the rest of the molecule is identical with the naturally occurring epothilone A or B, or 



R^, R^, R", R'', R' and X all can have the meaning given in general fonnula I, and ^ rest 
of the molecule is identical with the naturally occurring epothilone A or B, or 

Y, Z, R*'. R*. R"*, R*. R', R***. R*. D-E, R*. R*. R^ and R' can all have the meanings 
given in general formula I and the rest of the molecule is identical with the naturally 
occurring epothilone A or B, or 

Y, Z, R*', R*. R", R*. R*. R*. R". R'. R' and X can all have the meaning given in general 
formula I, and the rest of the molecule is identical wifli the naturally occurring epothilone A 
or B, or 

R', R^, R**, D-E, R', R*, R^, R', R" and X can all have the meaning given in general 
formula I, and the rest of the molecule is identical with the natorally occurring epothilone A 
orB. 

Another variation according to the invention provides those confounds in which R' stands 
for a methyl, ethyl or propyl group, and then preferably R* and R' together form an 
additional \)oad or an epoxy group. 

The compounds named below are preferred according to the invention: 

(4S.7R.8S,9S,13Z,16S(E)H.8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-thia2olyl)ethenyl)-l- 
oxa-5,5,7,9,14-pentamethyl-cyclohexadec-13-cne-2,6-4ione 

(lS,3S(E),7S.10R.llS,12S.16RH.ll-Dihydroxy-3-(l-methy^2-a-methyl-4-thiazolyl)ethe^^ 
yl).l ,8,8, 10, 12-pentamethyl-4, 17-dioxabicyclo[14, 1 .0]heptadecane-5.9-dione 

-(lR,3S(E),7S,10R,llS,12S,16SH^l^Dihydroxy-3-<l-methyl-2-(2-methyl-4-thiaTO 
yl)-1.8.8,10.12-pentamethyl-4,17-dioxabicyclo[14.1.0]heptadecane-5.9-dione 
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(4S,7R,8S,9S. 13Z, 16S(E))-4,8-Dihydroxy- 16-(l-methyl-2-(2-methyl-4-oxazolyl)cthenyl>l- 
oxa-5 ,5 ,7 ,9, 14-pentamethyl-cyclohexadec-13-ene-2,6-dione 

(1S.3S(E),7S.10R,11S. 12S,16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-oxa2olyl)ctheii. 

yl)-l ,8.8. 10, 12-pentamethyl-4,17-dioxabicyclo[14. 1 .0]heptadecaiie-5.9-<lioiie 

and 

(lR,3S(E).7S.10R.llS.12S.16S)-7,ll-Daydroxy-3-(l-methyl-2K2-methyl-4-oxazolyl)e^^ 
yl)-l ,8.8. 10. 12-pentamethyl-4. 17-dioxabicyclo[14. 1 .0]heptadecane-5.9-dioiie 

(4S.7R.8S,9S.13Z,16S(E)H.8-I>ihydroxy-16-(l-methyl-2-(2-pyridyl)et^ 
.14-peiitamefliyl-cyclohexadec-13-eiie-2.6-dione 

(lS.3S(E).7S,10R.llS,12S.16R)-7,ll-Dihydroxy-3Kl-methyl-2-(2-pyridyl)etbe^ 
10,12-pentamethyl-4,17-dioxabicyclo[144.0]heptadecane-5,9-dione and 
(lR,3S(E).7S.10R,llS,12S,16S)-7.11-Daydroxy-3-(l-methyl-2-(pyridyl)ethenyl)-1.8.8.- 
10,12-pentaniethyl-4.17-dioxabicyclo[14,1.0)heptadecane-5,9-dione 

(4S,7R.8S.9S.13Z,16S(E)H.8-Dihydroxy-7-etliyl-16-(l-methyl-2K2-methyl-4-th^ 
yl)-l-oxa-5.5i9, 14-tetramethyl-cyclohexadec-13-ciie-2,6-dione 

(lS,3S(E).7S.10R.nS.12S.16R)-7,ll-Dmydroxy40-ethyl-3Kl-methyl-2-<2-inethyl-4- 

thia2olyl)etbeiiyl)-1.8.8,12-tetramcthyl-4,17Miioxabicyclo(14.^ 

(lR.3S(E).7S,10R.llS,12S,16SH.ll-D%dro3cy-10-ethyl-3Kl-methyl-2-(2-ni^^^ 

thiazolyl)ethcnyl)-1.8,8,12-tetraineaiyl-4.17-dioxabicycl<>[14 

(4S,7R,8S,9S,13Z.16S(E)H.8-Dmydroxy-5.5-dimethylene-16Kl-methyl-2K2-meih^^ 
thiazolyl)cthenyl)-l-oxa-7.9,14-trimethyl<yclohexadec-13-cne-2,6^ 

(lS.3S(E).7S,10R,llS.12S.16R)-7.11-Daydroxy-8,8Hiimethylene-3-(l-methyl-2-(2-n^^ 
thiaiwlyl)ethenyl>1.10.12-trimetliyM.17-<li^^^^ 

(lR,3S(E).7S,10R.llS.l2S,16SH41-Dihydioxy-8.8-dimetlqrlene-3-(l-niethyW^^^ 
miaiolyl)ethenyl)4.10,12-trimethyl-4,n-dioxabicyclo[14.1.0]he^ 
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(4S,7R,8S,9S, 13Z, 16S(E))-4,8-Dihydroxy-5 ,5-trimethylene-16-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-l-oxa-7 ,9, 14-trimethyl-cyclohexadec-13-ene-2,6-dione 

(lS,3S(E)JS,10R41SJ2S46R)-7.11-Dmydroxy-8.8-trimethylene-3Kl-methyl-2-(2-^^ 
thiazolyl)ethenyl)-14042-trimethyl-447-dioxabicyclo[14.1.0]heptadecane 

and 

(lR,3S(E),7S40R41S42Sa6S)-7,ll-Dihydroxy-8.8-trimethyleiie-3-(l-methyl-2-^^^ 
thiazolyl)ethenyl)-l .10, 12-trimethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5.9-dioiie 

<4S.7R,8S,9S43Z46S(E)H.8-Dihydroxy-14-ethyl-16-(l-methyl-2-(2-methyl^ 
iiyl)-l-oxa-5,5J,9-tedraniethyl-<7clohexadec-13-eiie-2,6-dione 

(lS.3S(E)JS40R41Sa2S,16R)-7ai-Dihydroxy-l-ethyl-3Kl-methyl-2-(2-methyl-4-^^^ 
yl)etheriyl>8.840.12-tetramcthyl-447-dioxabicyclo[14.1.0]heptade^ 

and 

(lR3S(E)JSa0R41S,12S,16S)-7,ll-Dihydroxy-l-ethyl-3Kl-methyl-2-(2-methyl-4-t^^ 
yl)ethenyl)-8.840.12-tetramethyl-4a7-dioxabicyclo[14.1.0]lieptadec^ 

(4SJR,8S,9S43Z46S(E)H.8-Dihydroxy-14-ethyl-16-(l-methyl-2-(2-methyl-4K)xazol^^^ 
ethenyl)-l-oxa-5,5,7,9-tetramethyl-cyclohcxadec-13-cnc-2,6-dione 

(lS,3S(E)JSJ0R,llS,12S46R)-7ai-Dihydroxy-l<thyl-3-(l-methyl-2K2-methyl-4^ 
yl)etheiiyl)-8.840a2-tetramethyl-447-dioxabicyclo[14a.0]heptadeca^ 

and 

(lR.3S(E).7Sa0R41S42S.16S)-7.11-Dihydroxy.l-ethyl-3-(l-methyl-2K2-methyl-^ 
yl)ethenyi)-8.84042-tetramethyl-447-dioxabicyclo[14.1.01heptadeca^ 

(4S,7R,8S,9S43Za6S(E)H.8-Dihydroxy-14-ethyl-16-(l-methyl-2-<2-pyridyl^^^ 
5 ,5 ,7,9-tetramethyl-cyclobexadeo-13-«ne-2,6-dione 

(lS.3S(E)JSa0R.llS.12S.16R)-7.11-DihydiO3^-l-ethyl.3-(^ 
8.8, 10a2-tetrametliyl-447-<iioxabkyclo[14. 1 .0]heptadecane-5,9^ 

and 
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(lR3S(E).7S40R41S42S46S)-7,ll-Daydroxy-l-ethyl-3Kl-methyl-2-(2-pyridyl)ethenyl)- 
8,84042-tetramethyl-447-dioxabicyclo(14.1.0]heptadecane-5,9-dione 

(4S,7R,8S,9S43Z,16S(E))-4,8-Dihydroxy-7.14-diethyl-16-(l-methyl-2-(2-methyl-^ 
ethenyl)-l-oxa-5,5,9-trimethyl-cyclohexadec-13-ene-2,6-dioiie 

(1S,3S(E),7S, lOR, 1 IS, 12S, 16R)-7, 1 l-Dihydroxy-l . 10-diethyl-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-8,8, 12-trimethyl-447-<iioxabicyclo[14. 1 .OJheptadec^ 

and 

(lR,3S(E)JS.10R.llS42S46S)-7Jl-Dihydroxy-1.10-diethyl-3-(l-methyl-2-(2-methyl-4- 
thia2olyl)ethenyl)-8,842-tiMethyl-447-dioxabicyclo[14.1.0]heptadec^ 

(4S.7R,8S,9S43Z46S(E))-4.8-Dihydn)xy-14-propyl-16-(l-methyl-2<2-methyl-4-lh^ 
ethcnyl)-l-<)xa-5,5J,9-tctnuncthyl-cyclohexadec-13-cije-2,6-dionc 

(1S,3S(E).7S, ICR, 1 IS. 12S, 16R)-7, 1 l.Dihydroxy-l-propyl-3-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenylV8,8a042-tetramethyl-447-dioxabicyclo[14.1.0]heptade^ 

and 

(lR,3S(E)JS40R41S42S46S)-7,ll-Dihydroxy-l-propyl-16-(l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl)-8.8, 10, 12-tetnanethyl-4, 17-dioxabicyclo[14. 1 .0]lieptadecane-5,9-dione 

(4S,7R,8S,9S,13E,16S(E)H.8-Dmydroxy-16-(l-methyl-2-(2-methyl-4-thiazolyl)eto 
oxa-5,5,7,9,14-pentamethyl-cyclohexadec-13-ene-2,6-dione 

(lS,3S(E),7S,10R,llS.12S,16S>7,ll-Dihydroxy-3-(l-methyl-2K2-methyl-4-thiazolyl)e^ 
yl)-l,8,8,10,12-pentanicthyl-4.17-dioxabicyclo[14.1.0]heptadeautt 

and 

(lR,3S(E).7S,10R.llS.12S.16RH.ll-Dihydroxy-3-(l-methyl-2.(2-methyl-4-thiazolyl)^^ 
yl)-1.8,8,10,12-pcntamctliyl-4,17-dioxabicycio(14.1.0]heptadecane-5,9-dione 

(4S.7R,8S,9S,13E.16S(E)H.8-Dihydroxy-16-<l-methyl-2-(2-metliyl-4-ox^ 
oxa-5,5,7,9,14-pentamcthyl-cyclohexadec-13-ene-2,6-dione 
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(lS,3S(E).7S,10R41S42Sa6SH.ll-Dihydroxy-3Kl-methyl-2K2-methyl-4-oxa2olyl)e^^ 

yl)-l ,8,8, 10, 12-peiitamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecaAe-S,9-dione 

and 

(1R,3S(E).7S, 10R,1 IS, 12S, 16R)-7, 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-oxazolyl)etheii- 
yl)-l ,8,8,10, 12-peiitamethyl-4, 17-dioxabicyclo(14. 1 .0]heptadecsiiie-5.9-diQiie 

(4S,7R,8S,9S,13E,16S(E))-4,8-Dihydroxy-16Kl-methyl-2-(2-pyridyl)etheiiyl)-l^^ 
9,14-pentamethyl-^cloliexadec-13-eiie-2,6-dioiie 

(1S,3S(E).7S,10R.1 IS, 12S, 16S)-7, 1 l-Dihydroxy-3-(l-metliyl-2-(2-pyridyl)etheiiyl)-l ,8.8.- - 
10,12-peiitamethyl-4,17-dioxabicyclo[14.1.0]heptadecaiie-5.9-dione 

and 

(lR,3S(E)JS,10R.US.12S,16R>7,n-Dihydroxy-3-(l-metliyl-2K2-pyridyl)cthenyl)-l,8, 
10.12-peiiiamethyl-4,17-dioxabi<7clo(14.1.0]beptadecaiie-5,9-dione 

(4S,7R.8S.9S,13E,16S(E))-4,8-Daydroxy-7-ethyl-16Kl-methyl-2-(2-metliyl-4-t^^ 
yl)-l-oxa-5,5,9,14-tetxameli^l-cyclohexadec-13-eiie>-2,6-dione 

(lS,3S(^).7S.10R.llS.12S,16S)-7,l^-Dihydroxy-10-cthyl-3-<l-metlIyl-2-(2-I^ 
thia2olyl)etheiiyl)-l,8,8,12-tetrametliyl-4.17-dioxabicyclo[14.1.0]he^ 

and 

(lR.3S(E).7S.10R.llS,12S,16R)-7,ll-Daydioxy-10^thyl-3Kl-metliyl-2K2-metlQ^^ 
tWa2»lyl)cthenyl)-l,8,8.12-tetramethyl-4.17-dioxabicyclo[l^ 

(4S,7R,8S,9S.13E,16S(E)H.8-Daydioxy44-ethyl-l(Hl-methyl-2-a-mcthyl-4-t^^ 
ethenyl)-l-6xar5.5.7.9-tetramethyl-cyclobexadec-13-cne-2.6Hli<^ 

(lS,3S(E),7S,10R,llS.12S.16S)-7,ll-Dihydroxy-l-ethyl-3-(l-metbyl-2K2-methyl-^ 
yl)ethenyl)-8,8,10,12-tetrametliyl-4,17-dioxabicyclo[14.1.0]heptode^ 

and 

(lR,3S(E).7S,10R,llS.12S,16R>7.11-Dihydroxy-l-cthyl-3-(l-metlQrl-2-<2-in^ 
yl)ethenyl)-8.8,10,12-tetramethyl-4.17-dioxabicyclo[144.0]heptadeca^ 
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(4S,7R.8S,9S43E46S(E))A8-Dihydroxy-14-propyl-16Kl-methyl-2-(2-me 
ethenyl>lH)xa-5,5J,9-tetramethyl<yclohexadec«13-eiie-2,6-<iione 

(lS,3S(E).7S40R41S,12S46SH41-Dihydroxy-l-pKvyl-3-(l-methyl-2-(2-ineA^^ 
thiazolyl)ethenyl)-834042-tetrame&yl-447-dioxabk7clo(14.1.0]hepte^ 

and 

(lR,3S(E)JS40RaiS.12S46R)-741-Dmydroxy-l-propyl-16Kl-methyl-2-(2-iiiet^^ 
thiazolyl)ethenyl>8,840.12-tetifflnethyl-447-dioxabi(7clo[14.1.0]he^ 

(4S,7R.8S,9S43Za6S(E)H.8-Dihydioxy-16-(l-methyl-2K2-methyl-4-thiazol^^^ 
oxa-5,5,7,9,13,14-hexamethyl-cyclohexadec-13-eiie-2,6-dione 

(lS,3S(E).7S40R,llS42S,16R)-7ai-Dmydroxy-3Kl-methyl-2-<2-iiietlQrl-4-thw^ 
yl)-l,8,840,1246-hexamcthyl-447Hiioxabicydo[14.1.0]hcptadecane^ 

and 

(lR.3S(E)JS40R.llS42S46S)-7ai-Dmydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)e^ 
yl)-l,8,8.104246-l»xamelhyl-447-<iioxabicyclo(14J.0]heptadecani>-5.9^ 

<4S,7R.8S,9S43Z46S(E)H.8-Daydroxy-16-(l-metliyl-2-(2-pyridyl)ethc!^l> 
13,14-hexamethyl-cyclohexadec-13-cne-2,6-dionc - 

(lS,3S(E).7S40R41S42S46R)-7ai-Dihydroxy-3Kl-inethyl-2-(2-pyridyl)et^ 
12,16-hexainethyl-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione 

and 

(lR.3S(E).7S,10RaiSJ2S46S>741-Dihydroxy-3Kl-methyl-2-(pyridyl)^^ 
10, 12, 16-hexametliyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

Preparation of the partial fragments A (WO 99/07692) 

The partial fragmenls (synthesis units) having general fonnula A can be prepared easUy as 
starting material from 

a) a pantolactone having general fonnula Da 
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HO II a 



where 

Ri*', Rib* stand for a methyl group 
or 

b) from a malonic acid dialkyl ester having genend ferula XXVm 

X XXVIII 
MvH-Ofi CO^-Alityl 

where 

R'*', R"»' have the meaning givoQ in general formula A and the alkyl groups, independently 
of one another, stand for a C,-Cao alkyl, Cj-C,o cycloalkyl or C4-CJ0 alkylcycloaDcyl group. 

The partial fragments A, in which R"* « R*** = methyl, can be prepared from an inexpen- 
sive pantolactone in an efficient way with an optical purity of > 98% ee. 

The synthesis is described in the followmg Scheme 1 using D-(-)-pantolactone as example. 
From the L.(+)-pantolactone, one obtahis the conesponding ent-A-II to cnt-A-XIV, which 
correspond to the enantiomeric conqwunds of A-II to A-XIV, and from raccmic DL- 
pantolactone one obtains the corresponding racemic compounds rac-A-II to rac-A-XTV: 
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R^^R^b' R^a-Rib' Ria'Rib' ^,a-^,b' 



OPG* 



O O HO 

A-ll A-lli A-IY ' A>V 

pia'pib* R^a'Rib* r'»V'** 

OPG* OH OPGf OH OH 

A-VI A-Vli ArVlli 



r^^'r^*"' r^»;r1«»' iffk^v 

j^16a/\l6b p16a/\l6b ^16a/)t16b 

"^S*"?* 

^16«/\l6b r1««Ai«» r^««Ai» 

A.XII A-XIII A-XIV 

*: only when or R*' in A-Xm are hydrogens 

iStep a (A-n ^ A-m): 

The free hydroxyl group of the pantolactone (A-D) is protected according to methods known 
to persons skilled in the art. As protective groiq) PC, the protective groiqn known to die 
person skilled in the art come into consideration, for example, m^oi^etfayl, mediosgretb- 
yl. ethoxyethyl, tetrahydropyranyl. tetrahydrofiiranyl, trimetfaylsilyl, triedqflsilyl, tot- 
butyldimethylsilyl, tert-butyldiphenylsilyl, tribenzylsilyl, triisopropylsilyl, benzyl, para- 
nitrobenzyl. para-methoxybenzyl, formyl, acetyl, propionyl, isopropionyl. pivalyl, butyryl or 
benzoyl group. 
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A survey is found, for example, in "Protective Groups in Organic Synthesis", Theodora W. 
Green, John Wiley and Sons. 



Those protective groups which can be cleaved under acidic reaction conditions are preferred, 
for example, the methoxymethyl, tetrahydropyranyl, tetrahydrofuranyl, trimethylsilyl group. 
The tetrahydropyranyl groiq> is especially preferred. 

Stepb (A-m-* A-IV): 

The protected lactone A-m is reduced to the lactol A-IV. As reducing agents, aluminum 
hydrides modified in their reactivity come into consideration, for exanq>Ie, diisobutylalumi- 
num hydride. The reaction is carried out in an inert solvent, for example, tohiene, prefera- 
bly at low temperatures. 

Step c (A-IV A-V): 

The lactol A-IV is opened with the addition of a C-atom to the hydroxyolefin A-V. The 
methods known to the person skilled m the art are suitable for this, for example, the 
olefination according to Tebbe, the Wittig- or Wittig/Homer reaction, the addition of an 
organometallic compound with elimination of water. The Wittig reaction is preferred, using 
methyltriarylphosphonium halides, for example, methyltriphenylphosphonram bromide with 
strong bases, for example, n-butyllithium, potassrom tert-butanolate, sodhmi methanolate, 
sodhrai hexamethyldisilazane; n-butyllithhim is preferred as base. 

Step d (A-V ^ A-VI): 

The free hydroxyl group in A-V is protected according to methods known to the person 
skilled in the ait. As protective group PG*, the protective groups known to the expert come 
into consideration as they were already named for V& in step a (A-II -» A-IU). 

Those protective groups are preferred which can be cleaved under the action of fluoride, for 
example, the trimethylsUyl, tert-butyldimethylsUyl. tert-butyldiphenylsilyl, tribenzylsttyl, 
triisopropylsilyl group. 

The tert-butyldimethylsUyl, triisopropylsUyl and tert-butyldiphenylsilyl groups are especially 
preferred. 
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4 

Step e (A-VI A-VII): 

Water is added to the double bond in A-VI according to anti-Markovnikov. For this 
puipose. the methods known to the person skilled in the art are suitable, for example, 
reaction with boranes, the subsequent oxidation of which leads to the corresponding boric 
acid esters and to their saponification. For example, the borane-tetrahydrofuran complex, the 
borane-dimcthylsulfide complex, 9-borabicyclo[3.3.1]nonane in an inert solvent, for example, 
tetrahydrofiiran or diethyl ether are preferred as boranes. As oxidizing agent, preferably 
hydrogen peroxide is used for the saponification of the boron esters, preferably alkali 
hydroxides, such as, for example, sodium hydroxide are used. 

Step f (A-VI -»A-VID: 

The protective group PG* introduced under step a) is now cleaved according to methods 
known to person skilled in the art. If this is a protective group which can be cleaved with an 
acid, then, dilute mineral acids in aqueous-alcoholic solutions, the use of a catalytic amount 
of acids, for example, para-toluenesulfonic acid, para-toluenesulfonic acid-pyridmhim salt, 
camphorsulfonic acid in alcoholic solutions, preferably in ethanol or in isopropanol, are 
suitable. 

Stepg(A-Vn-» A-DC): 

A common protection of both alcohol functions of the monoprotected 1,3-diol in A-VH is 
possible by direct ketalization with a carbonyl compound having general formula R^'^-CO- 
R**, or by reketalization with a ketal having genraal formulas R**-C(C)C2H5)2-R**, 
R»«*^(OC2H4)2-R'*. R»*-G(OCH2C(CH3)2CH20)-R** where, in each case, R'* and R»* have 
the meanings given above, using acid catalysis. As acids, the acids akeady named under 
step f) are suitable as the use of para-tohienesulfonic acid, optionally with the addition of 
copperOD or cobalt(ID salts, for example, copper(II) sulfate is preferred. 

Steph(A-Vffl-»A-IX): 

A protection of both alcohol functions of the 1,3-diol in A-VIE is possible by direct 
ketalization with a caibonyl compound having general formula R'<«-CO-R»*, or by reketaliza- 
tion widi a ketal havmg general formulas R»*-C(OC2H5)2-R'*, R»*-C(0CjH4),-R'», 
R'<*-C(CX:H,C(CHj)2CH,0)-R»*, where in each case R** and R** have the meanings given 
above, using acid catalysis. Reketalization is preferred preferably with 2,2-dimcthoxy- 
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propane. As acids, the acids already named under step f) are suitaUe and the use of 
camphorsulfonic acid is preferred. 



Step i (A-IX -» A-X): 

The protective group PC introduced in step d) is now cleaved using methods known to the 
person skilled in the art. If this is a silyl ether, then reaction with fluorides, for example, 
tetrabutylammonium fhioride, the hydrogen fluoride-pyridine complex, potassium fluoride or 
the use of dilute mineral acids, the use of catalytic amounts of acids, for exanq)ie, para- 
toluenesulfonic acid, para-toluenesulfonic acid pyridinium salt, camphorsulfonic acid in 
alcoholic solutions, preferably in ethanol or isopropanol is suitable for cleavage. 

Step k (A-X -* A-XI): 

The oxidation of the primary alcohol in A-X to the aldehyde is done according to methods 
known to the person skilled in the art. For example, let us name oxidation with pyridinium 
chloiochromate, pyridinium dichromate, chromium trioxide-pyridine conq>lex, the oxidation 
according to Swem or related methods, for example, using oxalyl chloride in dimethylsulfox- 
ide, the use of the Dess-Martin periodinan, the use of nitrogen oxides, for exanq>le, N- 
methyUnorpholino-N-oxide in the presence of suitable catalysts, for exanq>le, tetrapropyl- 
ammonium perruthenate in inert solvents. Preferably, the oxidation is carried out according 
to Swem as well as with N-methyhnoipholino-N-oxide using tetrapropylammonhrai per- 
ruthenate. 

Step 1 (A-XI A-Xn): 

The reaction of the aldehyde A-XI to alcohols having formula A-Xn is done with otganome- 
taUic compounds having the general formula M-C3JB^'K^\ where M stands for an alkali 
metal, preferably lithium, or a divalent metal MX, where X represents a halogen and the 
groups R^' and R** each have the meanings given above. Magnesium and zinc are preferred 
as divalent metal and the halogen X is preferably bromine, chlorine and iodine. 

Step m (A-Xn A-Xni): 

The oxidation of the secondary alcohol in A-XII-A-Xni is done under the conditions given in 
step k). Oxidation with N-methyl-morpholino-N-oxide using letrapropylammonium perruthe- 
nate is preferred. 
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Stepn(A-Xm-» A-XrV): 

For the case that R^' in A-Xm is hydrogen, there is a possibili^ that, for this puipose, a 
second group R^' be introduced, which has the meanings give above, except hydrogen. For 
diis purpose, using strong bases, for example, lithium diisopropylamide, the ketone in A-Xm 
is converted in the enolate and reacted with a compound having general formula X-R^', 
where X represents a halogoi. The halogen X is preferably chlorine, bromine and iodme. 

The method described above can also be used for the synthesis of Ci-C« epothilone units, 
which contain a carboxylic acid or its ester at C-1 (R'* - -COJR'* in A). 

The synthesis of unit A-XXn is described in Scheme 2 below using the example of the 
intermediate step A-V derived from D-(-)-pantolactone. From L-(+)-pantolactone, one 
obtains the corresponding compounds ent A-V to ent-A-XXVn, which are enantiomeric with 
compounds ent-A-V to ent-A-XXVn and from racemic DLrpantolactone, the corresponding 
racemic compounds rac-A-V to rac-A-XXVH are obtained: 
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Scheme 2 
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Step o (A-V =» A-XV): 

The oxidation of the primaiy alcohol in A-V to the aldehyde A-XV is done under the 
conditions given in step k). The oxidation method according to Swem is prefnied. 

Step p (A-XV -* (A-XVD: 

The reaction of the aldehyde A-XV to alcohols having formula A-XVI is done with organo- 
metallic compounds having the general formula M-CHR^'R"*', where M stands for an alkaU 
metal, preferably litfahmi. or a divalent metal MX, where X represents a halogen and the 
groups R^' and R** each have the meanings given above. As the divalent metal, magneshmi 
and zinc are preferred and the halogen X is preferably chlorine, bromine and iodine. 

Step q (A-XVI A-XVn): 

Water is added to the double bond in A-XVI according to anti-Markovnikov. The methods 
described under e) are suitable for diis. 

Step r (A-XVn ^ A-XVIII): 

The ftec hydroxyl group in A-XVn is protected according to the methods known to the • 
person skilled in the art. As the protective group PG^ the protective groups known to the 
person skilled in the art come into consideration as they were already named above for PG" 
instepa(A-n-> A-m). 

Those protective groups are preferred which can be cleaved off under basic or hydrogeno- 
lytic reaction conditions, for example, the benzyl, para-nitrobenzyl, acetyl, propionyl. 
butyryl. and benzoyl groiq;>. 

The benzoyl group is especially preferred. 
Step s (A-XVffl ^ A-XIX): 

The oxidation of the secondary alcohol in A-XVH to the ketone A-XDC is done under the 
conditions given in step k). Oxidation with N-methyhnorpholino-N-oxide using tetrapropyl- 
ammonium perruthenate is preferred. 
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Stept(A-XIX-» A-XX): 

The protective group PG*® in XK is now cleaved selectively. If it is a protective group that 
can be cleaved hydrogendytically, then preferably the hydrogenation is carried out in the 
presence of palladhim or platinum catalysts in inert solvents, for example, ethyl acetate or 
ethanol. If it is a protective group that can be cleaved with a base, then preferably saponifi- 
cation with carbonates in alcoholic solution is used, for exanqile, with potassium carbonate in 
methanol, saponification with aqueous solutions of alkali hydroxides, for example, lithium 
hydroxide or sodium hydroxide, using organic solvents which are misciblc with water, for 
example, methanol, ethanol, tetrahydrofuran or dioxane. 

Step u) A-XVn A-XXD: 

The oxidation of the alcohols in A-XVH to the ketodldehyde A-XXI occurs under the 
conditions named in step k). Oxidation with N-methyl-morpholino-N-oxide using tctrapfop- 
ylammonium perruthenate as well as the Swem method are preferred. 

Step v) A-XX -» A-XXI): 

The oxidation of the primary alcohol m A-XX to the ketoaldehyde A-XXI is done under the 
conditions given in step k). Oxidation with N-methyl-morphoUno-N-oxide using tetrapropyl- 
ammonium pemitiienate is preferred. 

Step w) (A-XXI ^ A-XXn); 

The oxidation of the aldehyde in A-XXI to the carboxylic acid A-XXH (R>* = hydrogen) is 
carried out usmg methods known to the person skilled in the art. For example, let us 
mention oxidation according to Jones, oxidation with potasshun permanganate, for example, 
m an aqueous system consisting of tert-butanol and sodium dihydrogen phosphate, oxidation 
wiUi sodium chlorite in aqueous tert-butanol, optionally in the presence of a chlorine 
scavenger, for ocanqile, 2-metlqrl-2-butenc. 

Oxidation of the aldehyde in A-XXI to the ester A-XXH, where R'<* has tiie meamngs give 
above and is not hydrogen, can be carried out, for example, with pyridinhmi dichromate and 
tiie desired alcohol HO-R»* ui an inert solvent, such as dimethylfonnamide. 
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Step X (A-Vn => A-XXffl): 

The oxidation of the primary alcohol in A-Vn to the aldehyde A-XXffl is done under the 
conditions given in step k). Oxidation with N-methyl-morpholino-N-oxide using tetiapropyl- 
ammonium perruthenate as well as the Swem method are preferred. 

Step y (A-XXffl =» A-XXIV): 

The oxidation of the aldehyde A-XXffl to the carboxyUc acid or its ester A-XXIV is done 
under the conditions aheady described under w). 

Step z (A-XXrV «=» A-XXV): 

The protective group PC, introduced in step d) is cleaved off as described in step i. 
Step aa (A-XXV A-XXVI): 

The oxidation of primary alcohol in A-XXV to the aldehyde A-XXVI is done under the 
conditions described in step k). Oxidation with N-methyl-morpholino-N-oxide using 
tetrapropylammonium perruflienate as weU as the Swem method are preferred. 

Step ab (A-XXVI =» A-XXVII): 

The reaction of the aldehyde A-XXVI to alcohols having the formula A-XXVH is done undc 
the conditions described in step 1). 

Step ac (A-XXVn -» A-XXII): 

The oxidation of the secondary alcohol in A-XXVH to ketone A-XXH is done under the 
conditions described in step k). Oxidation with N-methyl-morpholino-N-oxide using 
tetrapropylammonium perruthenate is preferred. 

The compounds having formula A in which R'«' and K'"' aU can have the meaning given in 
general formula A can be prepared furthermore from inexpensive or easUy accessible 
malonic acid diall^l esters in an efficient way in high optical purity. 

The synthesis is described in the foUowihg Scheme 3: 
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Step ad (A-XXVm ^ A-XXDQ: 

Correspondingly substituted malonic acid estn derivatives A-XXVm, whidi are eitlin' 
conunercially available or can be prepared from malonic acids or their all^l esters according 
to methods known to the person skilled in tte art, are reduced to diols A-XXDC. Reducing 
agents known to the person skilled in the art are suitable for this, for example, diisobu^l* 
aluminum hydride, complex metal hydride, for example, lithium aluminum hydride. 

Step ae (A-XXDC ^ A-XXX): 

A free hydroxy! groiq> in A-XXK is protected selectively according to metiiods known to the 
person skilled in the art. As protective groiq> PG", those protective groups known to the 
person skilled in the art abeady mentioned for PG* in step a (A-II -» A-m) come into 
consideration. 



Silicon-containing protective groups are preferred. 
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Step af (A-XXX -* A-XXXI): 

The oxidation of the remaining primary hydroxyl group in A-XXX to the aldehyde A-XXXI 
is done under the conditions given in step k). Oxidation with N-methyl-morpholino-N-oxide 
using tetrapropylammonium perruthenate, the use of pyridinium chlorochromate, pyridinium 
dichromate as well as the Swem method are preferred. 

Step ag (A-XXXI A-XXXII): 

The aldehyde A-XXXI are reacted with an ester of acetic acid chG*0C(0)CH3, where chG' 
stands for a chiral auxiliary group, in the sense of an aldol reaction. The compounds 
chG'6c(0)CH3 are used in the optically pure form in the aldol reaction. The type of chiral 
auxiliary group determines if the aldol reaction runs with higher diastereoselectivity or gives 
a diastereoisomer mixture that can be separated with physical methods. A survey on 
comparable diastereoselective aldol reactions is found in Angew. Chem. 99 (1987), 24-37. 
For example, optically pure 2-phenyl-cyclohexanol, pulegol, 2-hydroxy-l,2,2-triphenylethan- 
ol, 8-phenyhnenthol are suitable as auxiliary chiral groups chG*-OH. 

Step ah (A-XXXn -» A-XXXIII): 

The diastereoisomerically pine compounds A-XXXn can be converted according to methods 
known to the person skilled in the art by saponification of the ester unit with simultaneous 
liberation of the reusable chiral auxiliary component chG*-OH, into pure enantiomeric 
compounds of the type A-XXXHI or ent-A-XXXm. Carbonates in alcohoUc solution, for 
example, potassium carbonate in methanol, aqueous solutions of alkali hydroxides, such as 
lithium hydroxide or sodhmi hydroxide, are suitable for saponification with the use of 
organic water-miscible solvents, such as methanol, ethanol, tetrahydrofiiran or dioxane. 

Step ai (A-XXXn ^ A-VHI): 

Alternatively to step ah), the chiral auxiliary group can also be removed reductively. In this 
way, the pure enantiomeric compounds of type A-VIII or ent-A-Vm are obtained. The 
reduction can be carried out using methods known to the person skilled in the ait. As 
reducing agents, for example, diisobutylaluminum hydride and complex metal hydrides, for 
example, lithium aluminuin hydride come into consideration. 
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The compounds A-Vm or ent-A-Vm can be converted, as described before, into compounds 
of the type A-Xin or ent-A-Xm. Correspondingly, compounds of the type A-XXXIH or 
ent-A-XXXm can be converted according to the method described above into compounds of 
the type A-XXn or ent-A-XXn. 

Alternatively to the method described above, the sequence can also be carried out without the 
use of a chiral auxiliary group chG^ In this way, the racemic mixtures of compounds of the 
type rac-A-Vm or rac-A-XXXID are obtained through the corresponding racemic precursors. 
These mixtures can be separated again according to methods known to the person skilled in 
the art for resolution of racemates, for example, chromatography on chiral colunms. 
However, continuation of the synthesis can also be perfomied with the racemic mixtures. 

Preparation of partial fragment B (see also WO 99/07692) 

Scheme 4 
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Step a (B-n =» B-III): 

A hydroxyl group in B-II is protected using methods known to tbe person skilled in the art. 
As protective group PG", the protective groups known to the person skilled in flie art come 
into consideration, as aheady mentioned before for PC in step a (A-II ^ A-III). 

Silicon-containing protective groups which can be cleaved under acidic reaction conditions or 
with the use of fluoride are preferred, for cxanq>lc, trimethylsUyl, tricthylsilyl, tert-butyl- 
dimethylsilyl, tert-butyldiphenylsilyl, tribenzylsUyl, triisopropylsilyl group. 

The tert-butyldimethylsilyl group is especially preferred. 

Step b (B-m -» B-IV): 

The free hydK)xyl group in B-ffl is converted into a leaving gnwip LG according to methods 
known to the person skiUed in the art. For example, halogens, such as bromine or iodine, or 
alkyl or arylsulfonates, which can be prepared. from the corresponding sulfonic acid halides 
or sulfonic acid anhydrides according to methods known to the person skilled in the art are 
suitable as leaving group LG. 

The preferred leaving group LG is trifluoromethanesulfonate. 
Step c (B-IV B-Vn): 

The compound B-IV is alkylated with the enolate of a carbonyl compound having general 
formula B-Y, where chG» is a simple alkoxy group but can also be a chiral auxiliary group, 
using methods known to the person skilled in the art. The enolate is prepared by the action 
of strong bases, for exanq)le, Uthram diisopropylamide, lithium hexamethyldisilazane at low 
temperatures. As chiral auxiliary group chG»-H (B-VI), those chiral alcohols which are 
cheap and can be prepared in the optically pure fonn come into consideration, for example, 
pulegol, 2-phenylcyclohexanol, 2-hydroxy-1.2,2-triphenylethanol, 8-pheiiyhnenlhol or 
compounds containmg reactive NH- groups which are cheap and can be prepared in the 
opticaUy pure fonn. such as amines, amino acids, lactams or oxazoUdinones. Oxazolidi- 
nones are preferred, especially preferred are the compouwis having fonnulas B-VIa to 
B-VId. By selecting the particular antipodes, the absolute stereochemistry on the of-cari)onyl 
carbon of the compound having general fonnula B-VH is established. In this way. com- 
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pounds having general fonnula B-Vn to B-XVn or their particular enantiomers ent-B-VH to 
ent-B-XVn can be obtained in the pure enantiomeric form. If an achiral alcohol, such as 
ethanol is used as chG*-H (B-Vi), one obtains the racemic compounds rac-B-Vn to rac-B- 

xvn. 

Step d (B-Vn B-Vm): 

If the chG* group represents one of the chiral auxiliary groups mentioned in step c, then this 
is recovered by transesterification of B-Vn into an alkyl ester having general formula B-Vm. 
The transesterification is carried out according to methods known to the person skilled in the 
art. Transesterification with simple alcohols, for example, methanol or ethanol in the 
presence of corresponding titanium(IV) alcoholates is preferred. 

Step c (B-Vm ■» B-DC): 

The ester in B-VUI is reduced to the alcohol B-K. Reducing agents known to the person 
skilled in the art arc suitable as reducing agents, for example, aluminum hydrides, for 
example, lithium ahiminum hydride or diisobutylaluminum hydride. The reaction is carried 
out in an inert solvent, such as diethyl ether, tetrahydrofiiran, toluene. 

Step e (B-Vn •=» B-K): 

Alternatively to steps d) and e) the caibonyl group in B-VH can be reduced directty under the 
conditions given in step e) to the alcohols having general formula B-K. Here, too, the 
chiral auxiliaiy component chC-H can be recovered. 

Step f (B-K -* B-X): 

For the case where R' is not a hydrogen atom, first the primary hydroxyl group in B-K is 
oxidized to the corresponding aldehyde using methods known to the person skilled in the art. 
for example, oxidation with pyridinium chlorochromate, pyridinhmi dichromate. chromium 
trioxide-pyridine complex, oxidation according tp Swem or related methods, for example, 
using oxalyl chloride in dimethylsulfoxide. the use of the Dess-Martin periodinans. the use of 
nitrogen oxides, for example. N-methyl-morpholino-N-oxide in the presence of suitable 
catalysts, for example, tetrapropylammonium perruthenate in inert solvents can be men- 
tioned. Oxidation according to Swem. as well as with N-methyl-moipholino-N-oxidc using 
tetrapropylammonium perruthenate are preferred. 
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Then, the aldehydes thus obtained can be [reduced] to the corresponding alcohols with 
organometaUic compounds having general formula M-R', where M stands for an alkali metal, 
preferably lithium or a di^aflent metal MX, where X is a halogen and the group has the 
meanings given above. Magnesium and zinc are preferred as the divalent metal and halogen 
X is preferably chlorine, bromine and iodine. [The German sentence has no verb. I put 
"reduced" in. - Translator] 

The free hydioxyl group of the secondary alcohol thus obtained (R'-H) or for the case R' = 
H the free hydroxy] ^oup in B-IX is protected according to methods known to the person 
skilled in the art. As protective group PG*', the protective groups known to the person 
skilled in the art come into consideration, as akeady given for PG» above in step a (A-II 
A-m), 

Those protective groups are preferred which can be cleaved off under acidic reaction 
conditions, for example, methoxymethyl, tetrahydropyranyl, tetrahydrofuranyl, trimethylsayl 
groups. 

The tetrahydropyranyl group is especially preferred. 
Step g (B-X -» B-XI): 

The protective group PG" introduced in step a) is now cleaved off using methods known to 
the person skilled in the ait. If this is a sUyl ether, then the reaction with fluorides, for 
example, tetrabutytammonium fluoride, the hydrogen fluoride-pyridine complex, potassium 
fluoride or the use of dUutc mineral acids, the use of catalytic amounts of acid, for example, 
para-toluenesulfonic acid, para-tohienesulfonic acid-pyridinium salt, camphorsulfonic acid in 
alcohoUc sohitions, preferably in ethanol or isopropanol arc suitable for the cleavage. . 

Step h (B-XI ^B-Xn): 

For the case where R" is not a hydrogen atom, first the primary hydroxyl group in B-XI is 
oxidized to the corresponding aldehyde using methods known to the person skilled in the art. 
For example, oxidation with pyridinium chlorochrpmate, pyridmium dichromatc, chromiimi 
trioxide/pyridine complex, oxidation according to Swem or related methods, for example, 
with the use of oxalyl chloride in dimethylsulfoxide. the use of the Dess-Martin periodinans, 
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the use of nitrogen oxides, for example, N-methyl-moipholino-N-oxide in the presence of 
suitable catalysts, such as tetrapropylanunonium perruthenate in inert solvents, can be 
mentioned. Oxidation according to Swem as well as with N-methyl-morpholino-N-oxidc 
using tetrapropylammonium perruthenate are preferred. 

Then die aldehydes thus obtained can be [reduced] to the corresponding alcohols with 
organometallic compounds having general formula M-R^, where M stands for an alkali 
metal, preferably lithium, or a divalent metal MX,, where X represents halogen and the group 

has the meamngs given above. Magnesium and zuic are preferred as divalent metal and 
the halogen X is preferably chlorine, bromine and iodme. 

OptionaUy, the free primary hydroxyl group is converted to a halidc according to methods 
known to the person skiUed in the art. Preferred halides are chlorine, but especially bromine 
and iodine. The substitution of the hydroxyl group by a bromine can be done, for example, 
with triphenylphosphine/tetrabromomethane, but also according to axsy other method known 
to the person skilled in the art. The introduction of an iodme atom can be done from the 
bromide by substitotion, for example, according to Finkelstein with sodium iodide in 
acetone. Direct conversion of the hydroxyl group into the iodide is also possible, for 
example, using elemental iodme, imidazole and triphenylphosphine in dichloromethane. 

Step i (R-Xn ^ B-Xffl): 

If the linking of the Cw-Cw unit with position 12 of the epothUonc group or epothilone 
fragments is to be done, for example, of a CrCa unit by the Wittig reaction, for example, as 
described in Nature. Volume 387, 268-272 (1997), then, using methods known to the person 
skilled in the art, starting from halides B-Xn, triphenylphosphonium halides (R" - 
P(Ph)3*Hal ), alkyl or arylphosphonate (R" = PCOXOQW or phosphine oxide (R" « 
P(0)Phj) of type B-Xn are prepared. Ph here means phenyl; Hal stands for F, Q, Br or I 
and Q is a C,-C,o alkyl group or a phenyl group. 

For the preparation of the phosphonium salts, for example, the reaction of the corresponding 
halides with triphenylphosphine in solvents, such as toluene or benzene, optionally in the 
presence of a base, such as triethylamine or diisopropylethylamine is suitable. 
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The preparation of the phosphonate can be carried out, for example, by reaction of the haiide 
B-XI with a metallized dialkylphosphite. The metallization is done usually with strong bases, 
such as bu^Uithium. 

The preparation of the phosphine oxide can be done, for example, by reacting the halides B- 
XI with metallized diphenylphosphine and subsequent oxidation. Again, strong bases such as 
butyllithhmi are suitable for the metallization. The subsequent oxidation to the phosphine 
oxide can be done, for example, with dilute aqueous hydrogen peroxide solution. 

Alternatively, the compounds having general formula B-Xm can be prepared through the 
path shown in Scheme 5. 

Scheme 5 

B-XIV B-XV B-XVI B-XVII 

B-XVll — — > B-XI 



Step k O-XIV -» B-XV): 

Starting from the inexpensively obtainable ethyl acetate derivatives having general fonnula B- 
XIV, in which R^' and R^' have the meanings given above, the ester enolate is prepared by 
the action of strong bases, for exan^le, lithium diisopropylamide, lithium hexamethyldisila- 
zane at low temperatures and reacted widi 3-haIogai-l-propiiie, preferably 3-bromo-l- 
propine to compounds havuig general formula B-XV. 
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Step 1 (B-XV B-XVI): 

The reduction of the esters B-XV to the alcohol B-XVI is done according to flie methods 
described in step e), preferably using diisobutylaluminum hydride. 

Step m (B-XVI ^ B-XVII): 

In case R' is not a hydrogen atom, first the primary hydroxyl group in B-XVI is oxidized to 
the corresponding aldehyde according to methods known to the person skilled in the art. For 
example, oxidation with pyridinium chlorochromate, pyridimum dichromate, chromium 
trioxide/pyridine complex, the oxidation according to Swem or related methods, for example, 
with the use of oxalyl chloride in dimethylsulfoxide, the use of the Dess-Martin periodinans, 
the use of nitrogen oxides, for example, N-methyl-moipholino-N-oxide in the presence of 
suitable catalysts, such as. for example, tetrapropylammonium perruthenate in inert solvents, 
can be mentioned. Oxidation according to Swem, as well as with N-methyl-morpholino-N- 
oxide using tetrapropylammonium perruthenate is preferred. 

Finally, the aldehydes thus obtained can be [reduced] to the corresponding alcohols with 
organometallic compounds having general formula M-R^, where M stands for an alkali metal, 
preferably lithium, or a divalent metal MX, where X represents a halogen and the group R' 
has the meanings given above. As a divalent metal, magneshun and zinc arc preferred and 
as halogen, X, chlorine, bromine and iodine are preferred. 

The free hydroxyl group of the secondary alcohol thus obtained (R' = H) or for the case of 
R' » H, the free hydroxyl group in B-XVn is protected according to method known to the 
person skilled in the art. As protective group PG'*, those protective groups known to the 
person skilled in the art abeady mentioned above for PG« in step a (A-II ■» A-UI) come into 
consideration. 

Silicon<ontaining protective groups, which can be cleaved under acidic reaction conditions 
or with the use of fluoride, for example, trimethylsilyl, triethylsUyl, tert-butyldimethylsUyl, 
tert-butyldiphenylsilyl, tribenzylsflyl, triisopropylsilyl groups are preferred. 

The tert-butyldimethylsilyl group is especially preferred. 
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Step n (B-XVn ■» B-XI): 

The acetylene B-XVII can be deprotonated according to methods known td the person skilled 
in the art and the obtained acetylide can be reacted with formaldehyde to form an alcohol of 
general formula B-XI. Alkyl alkali compounds, for example, butyUithtam or other strong 
bases, for example, alkali hexamethyldisUazane or lithium diisopropylamide are suitable for 
deprotonation. n-Butyllithium is preferred. 

Using the method described in Scheme 5, &st the racemic compounds. rac-B-XI. arc 
obtained. Optionally, the steps which rac-B-XV and rac-B-XVI go through according to 
Scheme 6 offer the possibility of chemical resohition of the racemate and thus also access to 
the enantiomeric compounds B-XVI or ent-B-XVI as long as R** is not identical with R**. 



Step 0 (rac-B-XV -» B-XVa): 

The racemic compound rac-B-XV can be transesterified with a chiral alcohol chC-OH, 
which can be obtained in the optically pure form, using methods known to the person skilled 
in the art, for example, the methods named under step d) to a mixture of the diastereomcric 
esters B-XVa and can be separated with simple chromatographic methods. For example, 
pulegol. 2-phenylcyclohexanol. 2-hydroxy-l,2,2-triphenylethanol. 8-phenyhnenthol come into 
consideration as chiral alcohols. 



Scheme 6 




B-XVa 




o^ehG* B-XVI ♦ ent-B-XVI 



B^XVIa 
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Step p (B-XVa "* B-XVI and em-B-XVI): 

The pure diastereomeric esters B-XVa can be reduced to the alcohols B-XVI and ent-B-XVI 
using the method described under step e), where the auxiliary componrat chG'-OH described 
in stq> o) can be recovered. 

Step q (rac-B-XVI =» B-XVIa): 

The racemic compound lac-B-XVI can be converted with a chkal acid chG*-COjH. which 
can be obtained in the optically pure fonn, with its ester, anhydride or acid halide to a 
mixture of diastereomeric esters B-XVIa. using the methods known to the person skilled in 
the art. and can be separated with simple chromatographic methods. As chiral acids, 
especially maUc acid, tartaric acid or their derivatives come into consideration. 

Step r (B-XVIa B-XVI and ent-B-XVI): 

The diastereomericaUy pure esters B-XVIa can be reduced to the alcohols B-XVI and ent-B- 
XVI according to the method described in step e) , or can be saponified according to methods 
known to the person skilled in the art. where, in the latter case, the auxiliary component 
chG^-COjH described in step u can be recovered. 

Preparation of partial fragments C (see also WO 99/07652): 

Partial fragments C can be prepared from inexpensive, cheaply obtainable maUc acid in an 
efficient manner with high optical puripr (> 99:5% ee). 

nie synthesis is described in the following Scheme 7 on the example of LK-)malic acid (C- 
1). Starting from D(+)-maUc acid (ent-C-I). the corresponding enantiomeric compounds 
(ent-C-n to ent-C-XI) are obtained and starting from racemic malic acid (rac-C-I), the 
corresponding racemic compounds are obtained (rac-C-H to rac-C-XI). 
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iStep a (malic acid C-I C-II): 

L-(-)-malic acid is converted to the hydro^^lactone C-II according to a mediod known from 
the literamre (Uebigs Ann. Chem. 1993. 1273-1278). 

Step b (C-n ^ C-ni): 

The ftee hydroxyl group in compound C-II is protected according to methods known to the 
person skilled in the art. As protective group PG**, those protective groups known to the 
person skilled in the art come inU) consideration as they were ah«ady named above ^ V& 
in step a (A-n -» A-m). 
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Those protective groups are preferred which can be cleaved under the action of fluoride, but 
are stable under weakly acidic reaction conditions, such as, for example, tert-butyldiphenyl- 
silyl, tert-butyldimethylsilyt, or triisoprppylsilyl groups. 

EspeciaUy preferred are the tert-butyldiphenylsUyl and the tert-butyldimetfiylsilyl groups. 
Step c (C-ffl C-IV): 

The lactone C-IH is reduced to the lactol C-IV according to methods known to the person 
skilled in the art. As reducing agent, aluminum hydrides modified in their reactivity are 
suitable, for example, diisobutylakuninum hydride. The reaction is carried out ui an inert 
solvent, for example, toluene, preferably at low temperattires (-20 to -lOO'Q. 

Step d (C-IV -^C-V): 

The leactiori of the lactol C-IV to compounds having formula C-V is done with oiganometal- 
lic compounds having general formula M-R"", where M stands for an alkali metal, preferably 
lithium, or a divalent metal MX, where X is a halogen and R«' has the meanings given 
above. Magneshmi and zinc are preferred as the divalent metal' and chlorine, bromine and 
iodine are preferred as halogen X. 

Step e (C-V -* C-VI): 

The primary hydroxyl group in compound C-V is protected selectively in comparison to the 
secondary hydroxyl group using methods known to the person skUled in the art. As 
protective group PG'«, those protective groups known to the person skilled in the art come 
into consideration as they were already named before for PG^ in step a (A-II ^ A-m). 

Those protective groups are preferred which can be cleaved under weakly acidfc reaction 
conditions, for example, the trimethylsUyl, triethylsUyl. tert-butyldimethylsilyl groups. 
[Translator's note: the latter compound was listed above as being stable under weakly acidic 
reaction conditions. - Translator] 
The tert-butyldimethylsilyl group is especially preferred. 
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Stepf (C-VI-*C-VID: 

The oxidation of the secondary alcohol in C-VI to the ketone C-Vn is done according to 
methods known to the person skilled in the art. For example, oxidation with pyridinhun 
chlorochromate, pyridinium dichromate, chromium trioxide/pyridine complex, oxidation 
according to Swem or related mediods, for example, using oxalyl chloride in dimethylsulfox- 
ide, the use of the Dess-Martin periodinans, the use of nitrogen oxides, such as N-methyl- 
morpholino-N-o)tide in the presence of suitable catalysts, for example, tetrapropylammonium 
perruthenate in inert solvents should be mentioned as examples. Oxidation accorduig to 
Swem is preferred. 

Step g (C-Vn C-Vffl): 

For compounds in which U is equal to CR"*R"', this group is prepared according to methods 
known to the person skilled in the art. For this purpose, methods, for example, the Wittig 
or Wittig/Homer reaction, the addition of an organometallic compound MCHR"TR"* with the 
elimination of water are suitable. The Wittig and Wittig/Homer reactions are preferred with 
the use of phosphonium haUdes of the type CR»"R« P(Ph)3*Hal- or phosphonates of the type 
CR"*R«'P(0)(0alkyl)2 with Ph being phenyl, R"', R"' and halogen, having the meanings 
given above, with strong bases, for example, n-butyllithhun, potassium tert-butanolate, 
sodium methanolatc, sodium hexamethyldisUazane are preferred; the preferred base is n- 
butyllithium. 

For compounds in which U represents two alkoxy groups 0R» or a Cj-Cio alkylcne-«,«- 
dioxy group, the ketone is ketalized accordmg to methods known to the person ddUed in the 
art, for example, using an alcohol HOR» or a Cj-C,o alkylene-a,«-diol with acid catalysis. 

Step h (C-Vra -» C-IX): 

The protective group PG'* introduced under e is now cleaved selectively in the presence of 
PG" according to methods known to the person skUlcd in the art. If it is a protective group 
that can be cleaved off with acid, the cleavage is preferably carried out under weakly acidic 
conditions, for example, by reaction with dUute organic acids in inert solvem*. Acetic acid 
is prdierred. 
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Step i (C-DC C-X): 

The oxidation of tbe primary alcohol in C-IX to the aldehyde having general formula C-X is 
done according to metho<b known to the person skilled in the art. For example, let us 
mention oxidation with pyridinium chlorochromate, pyridinium dichromate. chronuum 
trioxide/pyridine complex, the oxidation according to Swem or related methods, for example, 
using oxalyl chloride in dimethylsulfoxide, tiie use of tiie Dess-Martin periodinans, the use of 
nitrogen oxides, for example, N-metiiyl-morpholino-N-oxide in tiie presence of suitable 
catalysts, for example, tetrapropylammonium perrutiienate in inert solvents. Oxidation 
according to Swem, as weU as witii N-metiiyl-morpholino-N-oxide using teti»pK)pylammon- 
ium perruthenate is preferred. 

Step k (C-X -> C-XD: 

The reaction of die aldehydes C-X to alcohols having general formula C-XI is done accord- 
ing to metiiods known to tiie person skUled in tiie art. with organometallic compounds having 
general formula M-R'\ where M stands for an alkali metal, preferably litiuum or a divalent 
metal MX, where X represents a halogen and tiie group R?' has tiie meaning given above. 
Magnesium and zinc are preferred as a divalent metal, and chlorine, bromine and iodine are 
preferred as tiie halogen X. 

Step 1 (C-XI C-Xn): 

The oxidation of tiie alcohol C-XI to tiie ketone having general formuhi C-XH is done 
according to tiie metiiod given under k) or.by Jones oxidation. The oxidation according to 
Jones is preferred. 
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Partial fragments having general fonnula AB 




BC, 

where R\ R**. R*. R*. R*. R**. R'. R". D, E, U and V have the meanings already given 
above, are obtained from the fragments B and C described before acpording to the method 
indicated in Scheme 8. 

Scheme 8 

C 

Step a (B + C -» BC): 

The compound B, in which R»' has the meaning of a Wittig salt and any additioiud carbonyl 
groups presem are protected, is deprotonated by a suitable base, for example, n-butyllilhium, 
lithium diisopropylamide. potassium tert-butanolate. sodium or lithium hexamethyldisUazide 
and reacted with a compound C. where W stands for an oxygen atom. 




REPLACEMENT PAGE (RULE 20 45 



wo 00/00485 

Partial fragments having die general formula ABC 



PCT/EP99/0491S 



•OPQ' 



ABC 



where R^ R»*. R^ R*. R'. R*. R^. R'. R'. R'. R*. R". R". D. E. U and Z are 
prepared from the fragments AB and C described above, according to the method shown in 
Scheme 9. 

Scheme 9 





ABC 



Step b (EC + A ^ ABQ: 

The compound BC, where V stands for an oxygen atom and any additional carbonyl groups 
present are protected, is alkylated with the enolate of a carbonyl compound having general 
formula A. where Z stands for an oxygen atom. The enoUite is prepared by the action of 
strong bases, such as lithium diisopropylamide, lithium hexamethyldisilazane at low tempoa- 
mres. 
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Step c (ABC ^I): 

The compounds ABC, in which R" is a carboxyUc acid COjH and Ri» represents a hydrogen 
atom, are reacted according to methods known to the person skilled in the art for (he 
formation of large macrolides, to form compounds having formula I. in which Y has the 
meaning of an oxygen atom. Preferably, the method described in "Reagents for Organic 
Synthesis. Volume 16, p. 353" is used with 2,4,6-trichlorobenzoic acid chloride and suitable 
bases, for example, triethylamine. 4-dimethylaminopyridine, sodium hydride. 

Step d (ABC -* T): 

The compounds ABC. in which R'* is a CH^OH group and R» is a hydrogen atom, can be 
reacted, preferably using triphenylphosphine and azodiesters, for example, azodicarboxyUc 
acid diethyl ester to compounds havmg formula I, in which Y has the meMiing of two 
hydrogen atoms. 

The compounds ABC in which R»* is a CH^OSOjalkyl or CH^OSOjaryl or CHiOSO^aralkyl 
group and R^ represents a hydrogen atom, can be cyclized after deprotonation witii suitable 
bases, for example, sodium hydride, n-butyUithium, 4-dime(hylaminopyridine, Htinig base, 
alkali hexamethyldisUazanes, to form compounds having formula I, in which Y has the 
meaning of two hydrogwi atoms. 

The invention is also concerned with this method for the preparation of compounds having 
general formula I, as well as with the new intermediate products having general formulas B, 
C. BC and ABC, including aU stereoisomers of these compounds and also their mixtures. 

The flexible functionalization of the described units A. B and C also provides a sequence of 
linking which deviates from that described above, which leads to units ABC. These methods 
are summarized in the following table. 
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possibilities of linking 


linking methods t to d 


prerequisitBS Q 


A + B « A-B 


t: aldol 


Z — V ■ oxygen g 


6 tC-B-C 


B: Wittig (Scheme 8) 


W m oxygenand « Wicdg salt or | 
phosphioe oxkle or pho^irtionitg I 


A<I>C-»A^ 


c: esterification (for example, 2,4,6-lii- 
chloiobenzoyl chloride/4-dimethytaniino» 
pyridme) 

d: edierificatkm (for example. Mitsunobtt) 


R**-CO^*«orCOHaland | 
R* • bydiogeo | 

R*^ • CH|OH and tf* " hydiogeaor | 
SOs-aUgfJorSQi-aiylorSQraralkyl | 



According to these methojds, unite A, B and C can be linked as shown in Sdieme 10: 



Oder » or 



Scheme 10 
b 



A-B-C 



codard 



A4-B .1^ A^-i-C 



eodird 



C-B-A ^ b 



codard ^ , ^ 
A-i-C ^ C-A-i-B 



B-C-A 



C-B-i-A 



codard 



C-B-A 



A-C-B 



codard 



r 



The free hydroxyl groups in I, A, B, C» AB, ABC can be changed further ftinctionally by 
etherification or esterification, and the feet caibonyl groups by ketalization, enol ether 
formation or reduction. 



the invention is also concerned with these methods for the preparation of epothilone 
derivatives having the general formula. 
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Biological effects and areas of application of the new deriyatiyes: 
The new compounds having formula I are valuable drugs. They intnact with tubulin, in 
which they stabilize the formed microtubuli and thus are able to infhience cell division phase- 
specifically. This applies eq)ecially to fast-growing, neoplastic cells, the growth of which is 
largely uninfluenced by intorellular control mechanisms. Active ingredients of this type are 
in principle suitable for the treatment of malignant tumors. As an area of application, let us 
mention, for example, the therapy of ovarian, gastric, colon, adeno, breast, lung, head and 
neck carcinomas, malignant melanoma, acute lymphocytary and myelocytary leukemia. The 
compounds according to the mvention, due to their properties, are suitable mainly for anti- 
angipgenesis therapy, as well as for the treatment of chronic inflammatory diseases, for 
exanq>le, psoriasis or arthritis. In order to avoid uncontrolled cell growth on medical 
implantates, as well as better compatibility of these, in principle, they can be applied onto or 
incorporated into the polymeric materials used for this. The compounds according to the 
invention can be used alone or, in order to achiieve additive. or sjmergistic effects, in 
combination with other principles and substances classes that can be used in tumor then^. 

Let us give, as exanq)les, the combinations with 

platinum complexes, for example, cisplatin, carboplatin, 
^ intercalating substances, for exanq>le, from the class of anthracyclines, for exanqple, 

doxorubicin or from die class of antrapyrazoles, for example, a-941, 
m substances that interact widi mbulin, for example, from the class of vuica-alkaloids, 

for example, vincristine, vinblastine or from the class of taxanes, for example, taxol, 

taxoteie or from the class of macrolides, for example, rhizoxin or odier compounds, 

such as coldiicin, combretastatin A-4, 
«* DNA topoisomerase inhibitors, for exanq)le, camptodiecin, etoposide, topotecan, 

teniposide, 

folate or pyrimidine antimetabolites, for example, lometrexol, gemcitubin [gemci- 
tabine?], 

DNA-alkylating compounds, for example, adozelesin, dystamycin A, 
m inhibitors of growth factors (for example, of PDGF, EGF. TGFb, EOF) such as, for 

exanq>le, soniatostatin, suramin, bombesin antagonists, 
-» inhibitors of proteui, tyrosine kinase or protein kinases A or C, for example, eibsta- 

tin, genistein, staurosporin, Ihnofosin [sic], S-Q-cAMP, 
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^ antihonnones firom the class of antigestagens, for example, mifepristooe, onapristone 

or the class of antiestrogens, for example, tamoxifen or from the class of antiandro- 

gens, for example; cyproterone acetate, 
B» metastasis-inhibiting compounds, for example, from the class of eicosanoids, such as 

PGIj, PGE„ 6-oxo-PGE, as well as their stable derivatives, for example, iloprost, 

cicaprost, misoprostol), 
m oncogenic RAS protein inhibitors, which influence mitotic signal transduction, such 

as, for example, inhibitors of famesyl protein transferase, 

natural or artificially produced antibodies, which are directed against factors or their 
receptors that promote tumor growth, for example, erbB2 antibodies. 

The invention is also concerned with drugs based on pharmaceutically compatible conqpounds 
having general formula I, that is, those which are not toxic at the doses used, optionally 
togedier with die usual additives and carriers. 

The compounds according to the invention can be processed to pharmaceutical preparations 
according to methods in galenics for enteral, percutaneous, parenteral or local appUcation. 
They can be administered in the form of tablets, coated tablets, gel capsules, granules, 
suppositories, implantates, injectable sterile aqueous or oily solutions, suspensions or 
emulsions, salves, creams and gels. 

The active ingredient or ingredients can be mixed with additives usually used in galenics, 
such as gum arable, talc, starch, mannitol, mefliylcellulose, lactose, surfactants, such as 
Tweens or Myrj, magnesium stearate, aqueous or nonaqueous carriers, paraffin derivatives, 
wetting agents, dispersmg agents, emulsifiers, preservatives and aromas for taste correction 
(for example, essential oils). 

Thus, the invention is also concerned with the pharmaceutical compositions which contain at 
least one compound according to the invention as active ingredient A dosage unit contains 
approximately 0.1-100 mg of active ingredient(s). The dosage of the compounds according 
to the invention for humans lies at about Q, 1-1000 mg per day. 
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The following examples serve for closer explanation of the invention without these represent- 
ing a limitation: 



Example 1 

(4S,7R,8S,9S43(E5,16S(E))-4,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-thia2olyl)eA 
l-oxa-5,5,7,9,14-pentametliyl-cyclohexadec-13-cne-2,6-dioiie 

1 

Exanq>le la 

(3S)-l-Oxa-2-oxo-3-(tetrahydropyran-2-(RS)-yloxy)-4,4-dimethyl-cycIopentane 
A solution of 74.1 g (569 mmole) of D-(-)pantolactone in 1 L anhydrous dichloromethane is 
treated in a dry argon atmosphere with 102 mL of 3,4-dihydro-2H-pyran, 2 g of p-tohiene- 
sulfonic acid pyridinium salt and stiired for 16 hours at 23*C. It is poured into a saturated 
sodium hydrogen carbonate solution, the organic phase is separated and dried over sodhmi 
sulfate. After filtration and removal of the solvent, the residue is chromatographed on 
approximately 5 kg of fine silica gel with a mixture of n-hexane and cOsyl acetate. Thus, 
119.6 g (558 -mmole. 98%) of the compound in the title are isolated as a colorless oil. 

>H-NMR (CDCI3): 5 « 1.13 (3H), 1.22 (3H), 1.46-1.91 (6H), 3.50-3.61 (IH), 3.86 (IH), 
3.92 (IH), 4.01 (IH). 4.16 (IH). 5.16 (IH) ppm. 

Exanq;>le lb 

(2RS,3S)-l-C>xa-2-hydroxy-3-(tetorahydropyran-2(RS)-yloxy)-4,4-dimethyl-cyclopentane 
A solution of 117.5 g (548 mmole) of the compound prepared according to Example la in 
2.4 L of anhydrous toluene is cooled in a dry argon atmosphere to -70'C and 540 mL of a 
1.2 molar solution of diisobutylahmiinum hydride in toluene is added to it over a period of 1 
hour. Stirring is continued for another 3 hours at -70*C. The mixture is aUowed to warm 
up to -20*C. saturated ammonium chloride sohition and water are added and the precipitated 
aluminum salts arc separated by fUtration through Celile. The filtrate is washed with water 
and saturated sodhim chloride sohition and dried over magneshim sulfate. After filtration 
and removal of the solvent. 111.4 g (515 mmole. 94%) of the conqwund in the title are 
isolated as a cplori^ oil. which is reacted further without purification. 



IR (CHCI3): 3480. 3013. 2950, 2874, 1262, 1133, 1074, 1026 and 808 cm *. 
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Example Ic 

(3S)-2,2-Dimethyl-3-(tetrahydropyran-2(R)-yloxy)-pOTt-4-en-l-o^ 
(tetrahydropyran-2(S)-yloxy)-peiit-4-cii-l-oI 

A suspension of 295 g of methyl triphenylphosphonium bromide in 2.5 L anhydrous 
tetrahydrofuran is treated under a diy argon atmosphere at -60'C with 313 mL of a 2.4 
molar solution of n-butyllithmm in n-hexane, the mixture is allowed to warm up to 23"C, 
stirred for one hour and then cooled to O'C. Then, a solution of 66.2 g (306 mmole) of the 
compound prepared according to Example lb in 250 mL of tetrahydrofuran. the mixture is 
allowed to warm to 23«C and is stirred for 18 hours. It is poured into a Saturated sodhmi 
hydrogen carbonate solution, extracted several times with dichloromcthane and the combined 
organic extracts are dried over sodium sulfate. After filtration and removal of the solvent, 
the residue is chromatographed on approximately 5 L fine sUica gel with a gradient system 
consisting of n-hexane and ethyl acetate. Thus. 36.5 g (170 mmole. 56%) of the noiqwlar 
and 14.4 g (67.3 mmole, 22%) of the polar THP isomer of the compound in the title as well 
as 7.2 g (33.3 mmole. 11%) of the starting material are isolated, each as a colorless oil. 

•H-NMR (CDCI3), nonpolar isomer: 6 - 0.78 (3H). 0.92 (3H). 1.41-1.58 (4H), 1.63-1.87 
(2H). 3.18 (IH). 3.41 (IH). 3.48 (IH). 3.68 (IH). 3.94 (IH). 4.00 (IH), 4.43 (IH). 5.19 
(IH). 5.27 (IH). 5.75 (IH) ppm. 

'H-NMR (CDCI3, polar isomer: 6 « 0.83 (3H). 0.93 (3H), 1.42-1.87 (6H). 2.76 (IH). 3.30 
(IH). 3.45 (IH). 3.58 (IH). 3.83 (IH). 3.89 (IH). 4.65 (IH). 5.12-5.27 (2H). 5.92 (IH) 
ppm. 

Example Id 

(3S)-l-(tert-Butyldlphenylsaylbxy)-2>dimethylpcntane-3-(tetrahydropyran-^yl^^^ 

A sohition of 59.3 g (277 mmoie) of the THP isomer mixture prepared according to Example 
Ic in 1000 mL of anhydrous dimethylformamide is treated under a dry argon atmosphere 
with 28 g of imidazole, 85 mL of tert-butyldiphenylchlorosilane and the mixture is stirred for 
16hours at23*C. Then it is poured into water, extracted several times with dichloromcth- 
ane. the combined organic extracts are washed with water and dried over sodium sulfate. 
After filtration and removal of the solvent, the residue is chromatographed on fine silica gel 
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with a gradient system of n-hexane and ethyl acetate. Thus, 106.7 g (236 mmole, 85%) of 
the compound in the title are isolated as a colorless oil. 

»H-NMR (CDCy: 6 = 0.89 (3H), 0.99 (3H), 1.08 (9H)i L34-1.82 (6H), 3.40 (IH). 3.51 
(2H), 3.76 (IH). 4.02 (IH), 4.67 (IH). 5.18 (IH), 5.23 (IH), 5.68 (IH), 7.30-7.48 (6H), 
7.60-7.73 (4H) ppm. 

Exanq>le le 

(3S)-l-(tert-Butyldiphenylsayloxy)-2,2-d!methyl-3-(tetrahydropyran-2-yloxy)-pent^^ 
A solution of 3.09 g (6.83 mmole) of the compound prepared according to Example Id in 82 
mL of tetrahydrofiiran is treated under an atmosphere of dry argon at 23»C with 13.1 mL of 
a 1 molar solution of borane in tetrahydrofiiran, and the reaction is allowed to proceed for 1 
hour. Then 16.4 mL of a 5% sodium hydroxide solution as weU as 8.2 mL of a 30% 
hydrogen peroxide solution are added under cooling in ice and stirring is continued for 
another 30 minutes. The mixture is poured into water, extracted several tunes with ethyl 
acetate, the combined organic extracts are washed with water, saturated sodium chloride 
solution and dried over magnesium sulfate. The residue obtained after filtration and removal 
of the solvent is purified by chromatography on fine silica gel with a gradient system of n- 
hexane and ethyl acetate. Thus, 1.78 g (3.78 mmole. 55%) of the compound in the title are 
isolated as a chromatographically separable mixture of the two THP epimers. as well as 0.44 
g (1.14 mmole, 17%) of the compound in the tide firom Example 6. all as colorless oU. 

»H-NMR (CDQ,). nonpolar THP isomer: 6 « 0.80 (3H), 0.88 (3H), 1.10 (9H), 1.18-1.80 
(9H). 3.27 (IH), 3.39 (IH). 3.48 (IH). 3.64 (IH), 3.83 (IH), 3.90-4.08 (2H), 4.49 (IH). 
7.31-7.50 (6H). 7.58-7.73 (4H) ppm. 

>H-NMR (CDQ,), polar THP isomer 6 = 0.89 (3H), 0.98 (3H), 1.08 (9H), 1.36-1.60 
(4H), 1.62-1.79 (3H). 1.88 (IH). 2.03 (IH). 3.37 (IH). 3.50 (IH), 3.57 (IH), 3.62-3.83 
(4H). 4.70 (IH). 7.30-7.48 (6H). 7.61-7.73 (4H) ppm. 

Example If 

(3S)-l-(tert-Butyldiphenylsayloxy)-2,2-dimethyl-3-hydroxy-peiit-4-eDe 

A solution of 106.7 g (236 mmole) of the compound prepared according to Example Id in 

1,5 L anhydrous ethanol is treated under a dry argon atmosphere with 5.9 g of pyridinium-p- 
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toluenesulfonate, foUowed by heating for 6 hours at 50'*C. After the removal of the solvent, 
the residue is chromatographed on fine silica gel with a mixture of n-hexane and eOxyl 
acetate. Thus, 82.6 g (224 mmole, 95%) of the compound in the title are isolated as a 
colorless oil. which additionally contains approxhnately 5 g of ethoxytetrafaydropyran. 

»H-NMR (CDCI3 of an analytical sample: 6 = 0.89 (6H), 1.08 (9H), 3.45 (IK), 3.49 (IH), 
3.58 (IH). 4.09 (IH), 5.21 (IH), 5.33 (IH), 5.93 (IH). 7.34-7.51 (6H). 7.63-7.73 (4H) 
ppm. 

Example Ig 

(3S)-l-(tert-Butyldiphenylsilyloxy)-2,2-dimethyl-pentane-3,5-dlol 
A solution of 570 mg (1.55 mmole) of the compound prepared according to Example If is 
treated analogously to Example le and, after work-up and purification, 410 mg (1.06 nunole. 
68%) of the compound in the title are isolated as a colorless oil. 

'H-NMR (CDCI3): 6 = 0.82 (3H). 0.93 (3H), 1.08 (9H), 1.56-1.79 (2H). 3.11 (IH). 3.50 
(2H), 3.78-3.92 (3H), 4.02 (IH), 7.34-7.51 (6H). 7.61-7.71 (4H) ppm. 

Example Ih 

4(S)-[2-Methyl-l-(tert-butyldiphenylsilyIoxy)-prop-2-yl)-2,2-dimethyl-[l,3]dioxane 
A solution of 100 mg (0.212 mmole) of the compounds prepared according to Example le in 
2.6 mL of anhydrous acetone, is treated under a dry argon atmosphere wifli 78.9 mg of 
copper(II) sulfate, and a spatula-tip of p-toluenesulfonic acid monohydrate, followed by 
stirring for 16 hours at 23 'C. Satorated sodium hydrogen carbonate solution is added, the 
mixture is extracted with diethyl ether several times, washed with saturated sodium chloride 
solution and dried over sodium sulfate. The residue obtamed after filtration and removal of 
the solvent is purified by chromatography on fine silica gel with a gradient system of n- 
hexane and ethyl acetate. Thus. 24 mg (56 /tmole, 27%) of the compound in the tiUe are 
isolated as a colorless oil. 

>H-NMR iCDO^i 6 = 0.83 (3H), 0.89 (3H), 1.07 (9H), 1.30 (IH), 1.36 (3H), 1.44 (3H), 
1.71 (IH). 3.24 (IH). 3.62 (IH). 3.86 (IH). 3.91-4.03 (2H). 7.31-7.48 (6H). 7.61-7.74 
(4H)ppm. 
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Variant n 

320 mg (0.88 mmole) of the compound prepared according to Example Ig is treated 
analogously to Exanq>le Ih; Variant I, and after work-up and purification. 234 mg (0.548 
mmole, 62%) of the compound in the title, are isolated. 

Variant m 

A solution of 5.60 g (14.5 mmole) of the compound prepared accordmg to Example Ig in 
250 mL of anltydrous dichloromelhane is treated in a dry argon atmosphere with 10 mL of 
2,2-dimethoxypropane, 145 mg of camphor-lO-sulfonic acid, foUowed by stirring for 6 hours 
at 23'*C. Then, triethylamine is added, the mixture is diluted with ethyl acetate, washed with 
saturated sodium hydrogen carbonate solution and dried over sodium sulfate. After filtration 
and removal of the solvent, the residue is chromatographed on fine silica gel with a mixture 
of n-h«cane and ethyl acetate. Thus. 5.52 g (12.9 mmole, 89%) of the compound in the title 
are isolated as a coloiiess oil. 



Example li 

(4S)-4-(2-Methyl-l-hydroxy-prop-2-yD-2,2-dlmethyKl,31dloxanc 

A solution of 5.6 g (13.1 mmole) of the compound prepared according to Example Ih, in 75 

mL of anhydrous tetrahydrofuran, is treated under a dry argon atmosphere with 39 mL of 1 

molar solution of tetrabutylammomum fluoride in tetrahydrofuran, followed by heating for 16 

hours at 50«C. Then, saturated sodium hydrogen carbonate solution is added. foUowed by 

extraction several times with ethyl acetate, washing with satunited sodhmi chlori 

and drying over sodhmi sulfete. The residue obtamed after filtration and removal of the 

solvent is purified by chromatography on fine silica gel with a gradient system of n-hexane 

and ethyl acetate. Thus. 2.43 g (12.9 mmole. 99%) of the compound in the title are isolated 

as a colorless oil. 

»H-NMR iCDO^: « - 0.87 (3H). 0.90 (3H). 1.35 (IH), 1.37 (3H). 1.43 (3H). 1.77 (IH). 
2.93 (IH), 3.36 (IH), 3.53 (IH). 3.79 (IH), 3.87 (IH), 3.96 (IH) ppm. 
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Example Ik 

(4S)-4-(2-Methyl-l-oxo-prop-2-y0-2,2-dimethyl-[l,3]dioxaiie 

A solution of 0.13 mL oxalyl chloride in 5.7 mL of anhydrous dichloromethane is cooled 
under a dry argon atmosphere to -70*C, 0.21 mL of dimethylsulfoxide, the solution of 200 
mg (1.06 mmole) of the compound prepared according to Example li in S.7 ml of anhydrous 
dichloromethane is added and the mixture is stirred for 0.5 hours. Then, Q.6S mL of 
triethylamine are added, the mixture is allowed to react for 1 hour at -30*'C and then n- 
hexane and saturated sodium hydrogen carbonate solution are added. The organic phase is 
separated, the aqueous phase is extracted several times with n-hexane, the combined organic 
extracts are washed with water and dried over magnesium sulfete. The residue obtained after 
filtration and removal of the solvent is reacted Airther without purification. 

Example 11 

(4S)-4-((3RS)-2-Methyl-3-hydroxy-pent-2-yl)-2,2-dimetliyl-[l,3]di<aane 
A solution of 900 mg (4.83 mmole) of the compound prepared according to Example Ik in 
14 mL of anhydrous diethyl ether is treated xmder a dry argon atmosphere at 0"C with 2.42 
mL of a 2.4 molar solution of ethylmagnesiiun bromide in dieOiyl etiier, allowing the mixture 
to warm up to 23'C, followed by stirring for 16 hours. Then, saturated ammonium chloride 
solution is added, the organic phase is separated and dried over sodfami sulfide. The residue 
obtained after filtration and removal of the solvent is purified by chromatography on fine 
silica gel wifli a gradient system of n-hexane and ethyl acetate. Thus, 863 mg (3.99 mmole, 
83%) of the chromatographically separable 3R- and 3S-epimet8 of the conqKnind hi the title 
as well as 77 mg of the title compound described in Example li are isolated, each as a 
colorless oil. 

•H-NMR (CaXla) noiqwlar isomer 6 - 0.86 (3H), 0.89 (3H), 1.03 (3H). 1.25-L37 <2H), 
1.37 (3H), 1.46 (3H), 1.49 (IH), l.M (IH), 3.35 (IH). 3.55 (IH), 3.81-4.02 (3H) ppm. 
»H-NMR (CDCy polar isomer: S « 0.72 (3H). 0.91 (3H), 0.99 (3H), 1.25-1.44 (2H), 1.38 
(3H), 1.43-1.60 (IH), 1.49 (3H). 1.76 (IH), 3.39 (IH). 3.63 (IH). 3.79-4.03 (3H) ppm. 
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Example I m 

(4S)-4-(2-MeUiyl-3H>xo-peiit-2-yl)-2,2-dimethyl-[l,3]dioxaiie 

A solution of 850 mg (3.93 mmole) of a mixture of the compounds prepared according to 
Exanq)le 11 in 63 mL of anhydrous dichloromethane is treated widi a molecular sieve (4A, 
approximately 80 spheres), 690 mg of N-methyl-morpholino-N-oxide, 70 mg of tetrapropyl- 
ammonium perrutfaenate, followed by stirring for 16 hours at 23*C under a dry argon 
atmosphere. The mixture is evaporated and the obtained crude product is purified by 
chromatography on approximately 200 mL of fine silica gel with a gradient system of n- 
hexane and ethyl acetate. Thus, 728 mg (3.39 mmole, 86%) of the compound in the title are 
isolated as colorless oil. 

•H-NMR (CDCI3): 6 = 1.00 (3H), 1.07 (3H). 1.11 (3H), 1.31 (3H), 1.32 (3H), 1.41 (3H). 
1.62 (IH). 2.52 (2H). 3.86 (IH). 3.97 (IH), 4.05 (IH) ppm. 

Example In 

4-tert-ButyIdimethylsilyloxy-but-2-in-l-ol 

A solution of 100 g of 2-butin-l-ol and 158 g of imidazole in 300 mL of dimethylformamide 
is treated at 0*C under nitrogen dropwise addition of a solution of 175 g of tert-butyl- 
dimethylsilyl chloride in 100 mL of a 1:1 mixture of hexane and dimethylformamide, 
foUowed by stirring for 2 liours at O^C and 16 hours at 22"C. The reaction mixture is 
diluted widi 2.5 L of ether, washed once with water, once with 5% sulfuric acid, once with 
water, once with saturated sodium hydrogen carbonate solution and to neutraliQf vnth half- 
saturated sodium chloride solution. After drying over sodium sulfate and filtration, the 
mixture is evaporated in vacuum. The residue thus obtained is purified by chromatography 
on siUca gel. With hexane/0-40% ether, 74.3 g of the compound in the title are obtained as 
a colorless oil. 

m (film): 3357, 2929, 2858, 1472, 1362, 1255, 1132, 1083, 1015, 837, 778 cm'*. 
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Exa]iq>le lo 

(4R,5S,2*S)-4-Methyl-5-phenyl-Hl-oxo-2-methyl-6-(tert-butyldimethyIsnyl^^ 
l-yI]-2-oxazolidinone 

To 21 g of a solution of the silyl ether prepared in Example In in 125 mL of tohiene. 11.3 
mL of lutidine are added under nitrogen. Then^ the mixture is cooled to -40*'C and, at this 
tmperature, 17.7 mL of trifluoromethanesulfonic acid anhydride are added dn^wise. The 
mixture is dihited with 100 mL of hexane and stirred for 10 mmutes. This solution is added 
under nitrogen through a reversed sintered gkiss filter to a solution which was prepared firom 
17.8 g of hexametbyldisilazane in 140 mL of tetrahydrofuran wiOi 73.5 mL of a 1.6 M 
solution of butyllithhun in hexane at •60*C (10 mmutes of additional stirring time) and 23.3 
g.of (4R,5S)-4-methyl-5-phenyl-3-propionyl-2-oxazolidinonein 62 mL of tetrahydroAiran (30 
minutes additional stirring time). Stirring is continued for 1 hour at -60'C and tiien 6 mL of 
acetic acid in 5 mL of tetrahydrofuran are added; the reaction mixture is allowed to warm up 
to 22*C. It is poured into 80 mL of water and extracted 3 times willi ether. The combined 
organic phases are washed twice with saturated sodium chloride solution and dried over 
sodium sulfate. After filtration, it is evaporated in vacuum, The residue tiius obtained is 
purified by chromatography on sUica gel. Wifli bexane/0-20% ether, 16.0 g of the com- 
pound in the titie are obtained as a colorless oil. 

»H-NMR (CDClj): 6-0.10 (6H). 0.90 (9H). 0.92 (3H), 1.28 (3H), 2.47 (IH), 2.61 (IH). 
3.96 (IH). 4.26 (2ip. 4.78 (IH). 5.68 (IH). 7.31 (IH). 7.3-7.5 (3H) ppm. 

Example Ip 

(2S)-2-Methyl-6-(tert-butyldimethyIsOyloxy)^hexinoicacid ethyl ester 
To a solution of 39.3 g of tiie alkylation product prepared according to Example lo in 120 
mL of ettiaiiol. 9.0 mL of titanium(IV) ethyiate are added under nitrogen followed by heating 
under refhix for 4 hours. The reaction mixture is evaporated in vacuum and die residue is 
dissolved in 100 mL of etiiyl acetate. Three mL of water are added, followed by stirring for 
20 minutes, flje precipitate is fdtered off under suction and washed thoroughly witii etiiyl 
acetate. The filtrate is evaporated. 200 mL of hexane are added to it and die precipitate is 
filtered off. The precipitate is washed tiioroughly with hexane. The filtrate is evaporated in 
vacuum and die residue tims obtained is purified by chromatography on silica gel. Witii 
hexane/0-20% etiier. 25.4 g of tiie compound in die titie is obtained as a colorless oil. 
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»H-NMR (CDjClj): 6 = 0.10 (3H). 0.90 (9H). 1.2-1.3 (6H), 2.37 (IH), 2.54 (IH). 2.60 
(IH), 4.12 (2H), 4.27 (2H) ppm. 

Exanqile Iq 

(2S)-2-Methyl-6-(tert-butyldimethylsayloxy)-hcxanoicacid ethyl ester 
A solution of 10.5 g of the ester prepared according to Example Ip in 200 mL of ethyl 
acetate is treated with 1 g of 10% palladium on carbon and the mixture is stirred for 3 hours 
at 22**C in a hydrogen atmosphere. Then the catalyst is filtered off, washed thoroughly with 
ethyl acetate and the filtrate is evaporated in vacuum. The residue thus obtained is purified 
by chromatography on sUica gel. With hexane/0-10% ether, 9.95 g of the compound in the 
title are obtained as a colorless oil. 

»H-NMR (CDiCSa): 5 « 0.01 (6H). 0.84 (9H), 1.07 (3H), 1.18 (3H). 1.2-1.7 (6H). 2.38 
(IH), 3.57 (2H), 4.05 (2H) ppm. 

Exanq>le Ir 

(2S)-2-Mcthyl-<»-(tert-butyldimethylsilyloxy)-hexan-l-ol 

To a solution of 9.94 g of the ester prepared in Example Iq, in 130 mL of toluene, 63 mL of 
a 1.2 M sohition of dusobutylaluminum hydride in tohiene are added at -40*»C under nitrogen 
and the mixture is stirred for 1 hour at this temperature. Then, carefully, 15 mL of 
isopropanol and after 10 minutes 30 mL of water are added, allowing the mixture to come to 
22*C, and then the mixture is stirred at this temi)erature for 2 hours. The precipitate is 
filtered off, washed thoroughly with ethyl acetate and the filtrate is evaporated in vacuum. 
The residue thus obtained is purified by chromatography on silica gel. Using hexane/0-30% 
ether, 7.9 g of the compound in the tide are obtained as a colorless oil. [o]d -8.1* (c = 
9.07, CHQ,). 

•H-NMR (CDCls): 6 « 0.07 (3H). 0.89 (9H), 0.91 (3H). 1.0-1.7 (7H). 3.48 (2H). 3.52 
(2H) ppm. 
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Example Is 

<2S)-2-Methyl-6-(tert-butyldimethylsilyloxy)-l-(tetrahydro-2H-pyran-2-ylo^^ 
To 6.4 g of the alcohol prepared according to Example Ir in 26 mL of methylene chloride, 
3.52 mL of dihydropyrane are added at CC under argon, followed by 49 mg of p-toluene- 
sulfonic acid monohydrate. After 1.5 hours of stirring at 0*C, 10 mL of saturated sodium 
hydrogen carbonate solution are added, followed by dilution with ether. The organic phase 
is washed twice with half-saturated sodium chloride solution and dried over sodium sulfate. 
After filtration, it is evaporated in vacuum and die residue thus obtained is purified by 
chromatography on silica gel. With hexane/0-5% ether, 4.75 g of the compound in the titte 
are obtained as a colorless oil. 

•H-NMR (CDQa): 5 = 0,05 (6H), 0.89 (9H), 0.92 (3H), 1.0-1.9 (i3H), 3.19 (IH), 3.50 
(IH). 3.55-3.65 (3H), 4.87 (IH), 4.57 (IH) ppm. 

Example It 

(5S)^5-Methyl-6-(tctrahydro-2H-pyran-2-yIoxy)-hexan-l-ol 

To a solution of 4.7 g of the THP ether prepared according to Example Is, in 170 mL of 
tetrahydrofiiran, 13.5 g of tetrabutylammonium fluoride trihydrate are added under nitrogen, 
foUowed by stirring for 3 hours. Then the reaction mixture is diluted with 800 mL of ether 
and is washed three times using 20 mL of half-satorated sodhun chloride sohition each time 
followed by drying over sodium sulfate. After filtration, the mixture is evjqporated in 
vacuum and the residue thus obtained is purified by chromatography on silica gel. Wifli 
hexane/0-50% ethyl acetate, 2.88 g of the compound in the title are obtained as a colorless 
oil. 

»H-NMR (CDjCa,): 5 = 0.90/0.92 (3H), 1.1-1.9 (13H). 3.18 (IH). 3.40-3.65 (4H). 3.82 
(IH), 4.53 (IH) ppm. 

Example lu 

(2S)-6-Iodo-2-methyl-l-(tetrahydro-2H-pyraii-2-yloxy)-hexane 
To a solution of 13.4 g of triphenylphosphine and 3.47 g of imidazole in 200 mL of 
methylene chloride, 12.9 g of iodine are added. Then, the alcohol prepared in Example It in 
50 mL of methylene chloride is added dropwise at 22«C, foUowed by stirring for 30 
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minutes. The mixture is evaporated in vacuimi and the residue thus obtained is purified by 
chromatography on silica gel. With hexane/S% ether, 10.2 g of the compound in the title 
are obtained as a slightly yellow-colored oil. 

'H-NMR (CDOj): 5 = 0.94/0.95 (3H), 1,0-1.9 (13H), 3.1-3,3 (3H), 3.4-3.7 (2H), 3.85 
(IH). 4.57 (IH) ppm. 

Exanq>le Iv 

(5S)-5-Methyl-6-(tetrahydro-2H-pyran-2-yloxy)^hcx-l-yl-triphenylphosphon!umiodide 
A mixture of 10.2 g of the iodide prepared above, 40.9 g of triphenylphoq>hine and 12.1 g 
of N-ethyldiisopropylamine is stirred at 80*C for 6 hours. After cooling, it is dissolved in 
30 mL of methylene chloride and 500 mL of ether are added. The mixture is stirred for 10 
minutes and then decanted. This is repeated another four times. The residue thus obtained 
is dissolved in anhydrous tetrahydrofuran, toluene is added, followed by evaporation in 
vacuum. Thus, 17.1 g of tiie compound in the title is obtained as a solid foam. 

»H.NMR (CDaj): 0.85/0.86 (3H), 1.10 (IH), 1.7-1.9 (13H), 3.13 (IH), 3.40-3.55 
(2H), 3.64 (IH), 3.79 (IH). 4.49 (IH), 7.6-7.9 (15H) ppm. 

Exanq>le Iw 

(5)-Dihydro-3-hydroxy-2(3J9)-furanoiie 

10 g of L-(-)-malic acid are stirred in 45 mL of trifluqroacetic acid anhydride for 2 hours at 
25*C. Then the mixture is evaporated in vacuum, 7 mL of medianol are added to the 
residue and stirring is continued for 12 hours. This is followed by evaporation in vacuum. 
,The obtained residue is dissolved in 150 mL of absolute tetrahydrofuran. The mixture is 
cooled to O'C and 150 mL of borane/tetrahydrofiiran complex is added, followed by stirring 
for 2.5 hours at O'C. Then 150 mL of methanol are added. Stirring is continued for 1 hour 
at room tenq)eratuie and then the mixture is evaporated in vacuum. The obtained crude 
product is dissolved in 80 mL of toluene. Then 5 g of Dowcx* (activated, acid) are added 
and the mixture is boiled for one hour under reflux. The Dowex* is filtered off and the 
filtrate is evaporated in vacuum. The obtained crude product (7.61 g) is used in the next 
step without purification. 
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Example Ix 

(S)-Dihydro-3-[[(l,l-dimetiiylethyl)diphenylsayl]oxy]-2(3fl)-furanone 
To a solution of 7.61 g of the substance described in Example Iw and 10 g of imidazole in 
ICQ mL of iV,^'-dimethylfonnamide, 24 mL of tert-butyldiphenylsilyl chloride are added. 
Stirring is continued for two hours at 25 and then the reaction mixture is poured into ice- 
cold satarated sodium hydrogen carbonate solution. It is extracted widi ethyl acetate, the 
organic phase is washed wifli saturated sodium chloride solution, dried over sodium sulfate 
and evaporated in vacuum. After column chromatography of the crude product on silica gel 
with a mixture of hexane/ethyl acetate, 13.4 g of the compound in the title are obtained. 

'H-NMR (CDCI3): 6 = 7.72 (2H), 7.70 (2H), 7.40-7.50 (6H). 4.30^.42 (2H), 4.01 (IH), 
2.10-2.30 (2H), 1.11 (9H) ppm. 

Exanq>le ly 

(2RS,3S)-3-[[(l,l-Dimethylethyl)diphenylsflyI]oxy]tetrahydro-2-ftiranol 
To a solution of 13.4 g of the substance described in Example Ix in 150 mL of absolute 
tetrahydrofuran, 80 mL of a 1 molar solution of diisobutylaluminum hydride in hexane are 
added at -78*C. Stirring is continued for 45 minutes at -78*C, followed by quenching with 
water. The mixture is extracted with ethyl acetate, the organic phase is washed with 
saturated sodium chloride solution, dried over sodium sulfate and evaporated in vacuum. 
Thus, 13.46 g of the compournl in the title are obtained, which is used without purification in 
the next step. 

Exan^le Iz 

(2RS,3S)-3-[I(14-DlmeUiylethyDdiphenylsayqoxy]-l,4-peiitanedlol 
To 20 mL of a 3 molar sohition of methyhnagnesmm chloride in tetrahydrofuran, a solution 
of 13.46 g of the substance described in Example ly in 150 mL of absolute tetrahydrofuran 
are added dropwise at O'C. Stirring is continued at 0*C for one hour and then the mixture 
is pouted into saturated aqueous aromonhmi chloride solution. It is extracted with ethyl 
acetate, the organic phase is washed with saturated sodium chloride sohition, dried over 
sodium sulfete and evaporatoi in vacuum. After cohunn chromatography of the crude 
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product on silica gel with a mixture of hexane/ethyl acetate, 11.42 g of the compound in the 
title are obtained. 



•H-NMR (CDCy: 5 = 7.65-7.75 (4H), 7.40-7.55 (6H), 5.20 (IH), 4.30 (2H), 3.70 (IH). 
1.80 (2H). 1.05 (9H)ppm. 

Example laa 

(2RS,35)-5-[[Dimethyl(ia-dimethylethyl)sUynoxyl-3-[[(ia-dimethylethy0diphen^ 
oxy]-2-pentanol 

To a solution of 11.42 g of the substance described in Exanq)le Iz and 3.25 g of IH- 
imidazole in 120 mL of JV,iV-dimethylformamide, 4.9 g of rc/t-butyldimethylsilyl chloride are 
added. Stirring is continued for 2 hours at 25**C and then the reaction mixture is poured into 
ice-cold saturated sodium hydrogen carbonate solution. This is followed by extraction widi 
ethyl acetate, and then the organic phase is wadied with saturated sodium chloride solution, 
dried over sodium sulfate and evaporated in vacuum. After column diromatography of the 
crude product on silica gel with a mixture of hexane/ethyl acetate, 10.64 g of the compound 
in the title are obtained. 

•H-NMR (CDCy: 6 = 7.60-7.70 (4H). 7.30-7.45 (6H), 3.70-3.80 (2H). 3.40 (IH), 3.00 
. (IH), 1.80 (IH), 1.60 (IH), 1.05-1.12 (12H), 0.82 (9H), 0.02 (6H) ppm. 

Example lab 

(3S)-5-[pimethyl(l,l-dimethylethyl)silyI]oxy]-3-[[(14-dimethyIethy0diphenyls^ 
pentanone 

To 7.37 mL of oxalyl chloride in 80 mL of dichloromethane, 13 mL of dimelfaylsulfoxide are 
added at -78*C. Stirring is continued for 3 minutes and then 10.46 g of die substance 
described in Example laa in 100 mL of dichloromethane are added: After another 15 
minutes of stirring time, 52 mL of triethylamine are added dropwise. Then, the mixture is 
allowed to warm up to O^C. After that, the reaction mature is poured into saturated sodium 
hydrogen carbonate solution. It is extracted with dichloromethane, and then the organic 
phase is washed with saturated sodium chloride solution, dried over sodium sulfate and 
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evaporated in vacuum. After colunm chromatography of the crude product on silica gel with 
a mixture of hexane/ethyl acetate, 9.3 g of the compound in the title are obtained. 

'H-NMR (CDCI3): 5 = 7.60-7.70 (4H). 7.32-7.50 (6H), 4.25 (IH). 3.72 (IH). 3.58 (IH). 
2.05 (3H). 1.90 (IH), 1.75 (IH), 1.13 (9H), 0.89 (9H), 0.01 (6H) ppm. 

Exanq)le 1 ac 

CE,3S)-l-[pimethyl(ia-dimethylethyl)saynoxy]-3-[I(l,l-dlmethylethyI)diphenyIsayl]oxy]^ 
4-methyl-5-(2-methylthiazol-4-yl)-pent-4-ene 

The solution of 6.82 g of diethyl(2-methylthiazol-4-yl)methane phosphonate in 300 mL of 
anhydrous tetrahydrofuran, is cooled in a dry argon atmosphere to -S'C, followed by the 
addition of 16.2 mL of a 1.6 molar solution of n-butyllithium in n-hexane. The mixture is 
allowed to warn up to 23'C and is stirred for 2 hours. Then it is cooled to -78'C, the 
solution of 6.44 g (13.68 mmole) of die compound prepared in Example lab in 150 mL of 
tetrahydrofuran are added dropwise, the mixnire is allowed to warm up to 23"C and is 
stirred for 16 hours. It is poured into saturated ammonium chloride solution, extracted 
several times with ethyl acetate, the combmed organic extracts are washed with saturated 
sodium chloride solution and dried over sodium sulfate. The residue obtained after filtration 
and removal of solvent is purified by chromatography on fine silica gd with a gradient 
system of n-hexane and ethyl acetate. Thus, 6.46 g (11.4 mmole, 83%) of the compound in 
the title are isolated as a colorless oil. 

'H-NMR (CDQa): 6 = 0.04 (6H), 0.83 (9H), 1.10 (9H), 1.79 (IH), 1.90 (IH), 1.97 (3H), 
2.51 (3H). 3.51 (2H), 4.38 (IH), 6.22 (IH), 6.74 (IH). 7.23-7.47 (6H), 7.63 (2H). 7.70 
(2H) ppm. 

Example lad 

(E,3S)-3-[[(14-Dimethylethyl)diphenylsayI]oxyl-4-methyl-5-(^methylthiazol-4^^ 
en-l-ol 

The solution of 4.79 g (8.46 mmole) of the compound, prepared according to Example lac in 
48 mL of tetrahydrofuran. is treated with 48 mL of a 65:35:10 mixture of glacial acetic 
acid/water/tetrahydrofuran and stirred for 2.5 days at 23«C. It is poured into saturated 
sodium carbonate solution, extracted several times with ethyl acetate, the combined organic 
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extracts are washed with saturated sodium chloride solution and dried over sodium sulfate. 
The residue obtained after filtration and removal of the solvent is purified by chromatography 
on fine silica gel with a gradient system of n-hexane and ethyl acetate, Thus, 3.42 g (7.57 
mmole, 90%) of the compound in the title are isolated as a colorless oil. 

•H-NMR (CDQ,): 6 = 1.10 (9H), 1.53 (IH). 1.81 (2H). 1.96 (3H). 2.71 (3H). 3.59 (2H), 
4.41 (IH), 6.38 (IH). 6.78 (IH). 7.26-7.49 (6H). 7.65 (2H). 7.72 (2H) ppm. 

Example lae ■ 

(E,3S)0-[[(l,l-Dimethylethyl)diphcnylsUyI]oxy]-4-methyl-5-(2-methyItWa201-4-yl)-pent-4- 
enal 

To 1.55 mL of oxalyl chloride in 14.4 mL of methylene.chloride, 2.73 mL of dhnetfaylsulf- 
oxide in 11.5 mL of methylene chloride are added dropwise at -70'C. Stirring is continued 
for 10 minutes and then 6.0 g of the alcohol described in Example lad in 11.5 mL of 
methylene chloride are added. After another 2 hours of sturing. 5.55 mL of triediylamme 
are added dropwise. Then the mixture is aUowed to warm up to -40'C over the course of 1 
hour and the reaction mixture is poured into 30 mL of water. The mixture is extracted twice 
with methylene chloride, the organic phase is washed with saturated sodium chloride 
solution, dried over sodium sulfate and evaporated in vacuum. The crude product thus 
obtained is used in tibe next step without ftuthor purification. 

'H-NMR (CDOj): 6-1.09 (9H), 2.01 (3H). 2.51 (IH), 2.66 (IH). 2.72 (3H). 4.69 (IH), 
6.43 (IH), 6.81 (IH), 7.3-7.8 (lOH). 9.63 (IH) ppm. 

Example laf 

(E,4S,2RS)-3-[[(l,l-Dimethylettiyl)diphenylsilynoxy]-5-methyl-6-(2-methylthiazol^^ 
hex-5-en-2-ol 

To a solution of 5.9 g of the aldehyde prepared above, in 83 mL of tetrahydrofiiran, 6.94 
mL of a 3 molar methyhnagnesium chloride solution in tetrahydrofioan arc added dropwise 
at -lO'C under nitrogen. After stirring for 30 minutes at -lO'C. the reaction mixture is 
added to saturated ammonram chloride solution and extracted flirec times with ether. The 
combined organic phases are washed with saturated sodium chloride solution, dried over 
sodium sulfate and evaporated in vacuum. The cnide product thus obtained is purified by 
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chromatography on silica gd. With hexane/0-80% ethyl acetate, 5.3 g of the compound in 
the title are obtained as a colorless oil. 

•H-NMR (CDCla): 6 = 1.00-1.15 (12H), 1.55-1.90 (2H), 1.90/2.04 (3H), 2.69/2.72 (3H), 
3.90 (IH), 4.40/4.48 (IH), 6.23/6.51 (IH), 6.69/6.80 (IH). 7.20-7.50 (6H), 7.60-7.80 (4H) 
ppm. 

Exanq>le lag 

(E,4S)-3-[[(l,l-Dimethylethyl)diphenylsilyI]oxy]-5-methyl-6-(2-methylthiazoI-4-yl)-h«-5- 
en-2-one 

To a solution of 5.25 g of the alcohol described above in 113 mL of acetone, 22.5 mL of 
Jones reagent are added dropwise at •40*'C under vigorous stirring. The reaction mixture is 
allowed to warm up to -10*0 in one hour and then 0.5 mL of isopropanol are added and 
stirring is continued for another 15 minutes. Now it is diluted with ether, washed four times 
with saturated sodium chloride sohition, dried over sodium sulfate and evaporated in vacuum 
after filtration. The residue thus obtained is purified by chromatography on silica gel. With 
hexane/0-60% ethyl acetate, 4.01 g of the compound in the title are obtained as a colorless 
oil. 

'H-NMR (CDClj): d = 1.07 (9H). 1.94 (3H). 2.00 (3H), 2.59 (IH), 2.70 (3H). 2.74 (IH), 
4.73 (IH). 6.29 (IH), 6.75 (IH). 7.25-7.50 (6H). 7.60-7.75 (4H) ppm. 

Exanq>le lah 

(lE,^/Z,3S,10S)-3-H(14-DimethylethyI)diphenylsflynoxy]-2,540-trimethyl-l-(^me^^ 
thla2ol-4-yI)-ll-(tetrahydro-2H-pyran-2-yloxy)-undec-l,5-dieiie 
To a solution of 7.24 g of the phosphonium salt described in Example Iv. in 80 mL of 
tetrahydrofuran. 11.5 mL of a 1 molar solution of sodium bis(trimethylsilylamide) in 
tetrahydrofuran are added at O'C under argon and then the mixture is stirred for 30 minutes 
at 22'C. Then, at -40'C, 2.61 g of the ketone prepared in Example lag in 8 mL of 
tetrahydrofuran arc added and the mixture is stirred for 45 minutes at this temperature. The 
reaction mixnue is introduced into saturated ammonium chloride sohition and is extracted 
four times with ether. The combined organic phases are washed with saturated sodhun 
chloride solution, dried over sodium sulfate and evaporated in vacuum after filtration. The 
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residue thus obtained was purified with those from two other batches, in which a total of 
3.57 g of the ketones from Example 1 ag were reacted, using chromatography on silica gel. 
With hexane/0-70% ether; 3.7 g of the compound in the title are obtained as a colorless oil. 

'H-NMR (CDQa): 6 = 0.80-0.92 (3H), 0.92-1.95 (13H), 1.07 (9H). 1.30/1.44 (3H). 
1.98/1.99 (3H). 2.15-2.40 (2H), 2.70 (3H). 3.08/3.18 (IH). 3.47-3.62 (2H), 3.85 (IH), 
4.27 (IH). 4.55 (IH), 5.05 (IH), 6.19 (IH), 6.78 (IH), 7.24-7.48 (6H), 7.57-7.78 (4H) 
ppm. 

Example lai 

(6E/Z,10E,2S,9S)-9-[[(l,l-I)imethylethyl)diphenylsilyI]oxy]-2,740-trimethyl-l 
methylthiazol-4-yl)-undec-6,10-dien-l-ol 

To a solution of 4.0 g of the campoaai prepared in Exanq)le lah, in 21 mL of ethanol, 156 
mg of pyridinium-p-toluenesulfonate are added and the mixture is stirred under argon for 24 
hours at SO'C. Then it is evaporated in vacuum and the residue thus obtained is purified by 
chromatography on sUica gel. With hexane/0-60% ethyl acetate, 2.59 g of the compound in 
the title are obtained as a colorless oil. 

•H-NMR (CDCI3): 5 = 0.82/0.85 (3H), 0.91 (2H). 1.08 (9H), 1.05-1.90 (5H), 1.38/1.45 
(3H). 2.00 (3H). 2.20-2.40 (2H). 2.70 (3H), 3.30-3.48 (2H). 4.26 (IH), 4.98/5.05 (IH), 
6.15/6.18 (IH), 6.79 (IH). 7.20-7.50 (6H), 7.60-7.76 (4H) ppm. 

Example lak 

(6E/Z,10E,2S,9S)-9-[[(14-DimethyIethyDd!phenylsayQoxyl-2,740-trimeUiyl-ll-(2- 
methylthiazol-4-yI)'undec-6,10>dienal 

To 0.416 mL of oxalyl chloride in 3.5 mL of methylene chloride^ 0.729 mL of dimethylsulf- 
oxide in 3.0 mL of methylene chloride are added dropwise at -70*C. Tbe.mixtms is stirred 
for 10 minutes and then 2.0 g of the alcohol prepared above in 3.0 mL of methylene chloride 
are added. After another 2 hours of stirring. 1.49 mL of triethylamine are added dropwise. 
The mixture is allowed to warm up to -40*C within one hour and is introduced into 15 mL 
of water. It is extracted twice with methylene chloride, the organic phase is washed with 
samrated sodium chloride solution, dried over sodium sulfate and evaporated in vacuum. 
The crude product thus obtained (1.96 g) is used in the next step without further purification. 
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>H-NMR (CDQa): 6 = 0.97/1.01 (3H), 1.07 (9H), 1.0-2.1 (6H). 1.45/1.55 (3H), 2.00/2.01 
(3H). 2.10-2.48 (3H), 2.69 (3H). 4.25/4.27 (IH), 5.01/5.03 (IH). 6.16/6.17 (IH). 6.79 
(IH). 7.25-7.50 (6H), 7.58-7.77 (4H). 9.49/9.54 (IH) ppm. 

Example lal 

(4S(4R,5S,6S41E/Z43S44E))-4-(13-[[(ia-Dimethylethyl)d!phenylsUynoxy]-15-(2^^ 
4-thiazolyD-3-oxo-5-hydroxy-2,4,6,1144-pcntamethyl-pcntadeca-1044-dien-2- 

dimethyl-[l»3]dioxane (A) and 

(4S(4R,5R,6S41E/Z,13S44ED)-4-(13-[[(14-Diniethylethyl)diphcnylsaynoj^]-l^^ 
mcthyl-4-thiazoIyI)-3K)xo-5-hydroxy-2,4,641.14-pentamethyl-pcntadeca-10,14^ 

2»2-dimethyl-[l,3]dioxane (B) 

to a solution of 0.62 mL of diisopropylamine in 3 mL of tetiahydiofuran, 1.92 mL of a 2.4 
molar solution of butyllithium in hexane are added at -30«'C under argon. After 15 minutes 
of stirring, the mixture is cooled to -70'C and a solution of 857 mg of the compound 
prepared according to Example 11 in 3 mL of tetrahydrofuran is added dropwise. After one 
hour of stirring, 500 mg of the aldehyde prepared in Exanqile lak in 3 mL of tetrahydro- 
furan are added dropwise. After 1.5 hours of stirring at this temperature, die reaction 
mixture is added to saturated ammonium chloride solution and extracted several times with 
ethyl acetate. The combined organic phases are washed widi saturated sodhmi chloride, 
dried over sodium sulfate and evaporated in vacuum after fdtration. The residue dnis 
obtained is purified by chromatography on silica gel. With hexane/0-50% ether, 1.62 g of 
die compound in the tide (A) are obtained as a colorless oU and 0.12 g of die diastereomeric 
compound B are obtained as a pale-yellow oil. 

'H-NMR (CDCW of A: 6 - 0.75/0.79 (3H), 1.00/1.01 (3H), 1.05 (9H). 1.09/1.10 (3H), 
1.20 (3H). 1.30/1.43 (3H), 1.35 (3H). 1.43(3H). 0.80-1.95 (10H>, 1.96/1.99 (3H). 2.03- 
2.40 (2H). 2.70 (3H). 3.18-3.40 (2H), 3.80-4.09 (3H). 4.27 (IH), 5.06 (IH), 6.18 (IH). 
6.79 (IH). 7.22-7.48 (6H). 7.58-7.77 (4H) ppm. 

»H-NMR (CDClj) of B: « = 0.80-2.80 (18H). 1.02 (3H). 1.08 (12H), 1.28 (3H). 1.33 
(3H). 1.41/1.42 (3H). 1.97/1.98 (3H). 2.71 (3H). 3.13-3.57 (2H). 3.75-4.15 (3H). 4.26 
(IH). 5.03 (IH), 6. 18 (IH). 6.78 (IH). 7.22-7.50 (6H). 7.53-7.70 (4H) ppm. 
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Example lam . 

(4S(4R,5S,6S,llE/Z,13S44ED)-4-(13-[[(ia-Dimethylethyl)diphenylsilynoxyl-15-(2-methyl- 

4-thiazolyI)-3-oxo-5-(tetFahydropyran-2-yloxy)-2,4,641)14-pentamethyI-pentfldeca-1044^ 
dien-2-yl)-2,2-dimethyl-[l,3]dioxane 

To a solution of the compound in title A prepared above in 30 mL of methylene chloride, 
200 mg of p-toluenesulfonic acid monohydrate and 3.03 mL of dihydn^yran are added, 
followed by stirrii^ for 3 days at 22'*C. Then, the reaction mi3cture is poured into saturated 
sodium hydrogen carbonate solution and extracted with methylene chloride. The combined 
organic phases are washed with saturated sodium chloride solution, dried over sodium sul&te 
and evaporated in vacuum after filtration. The residue thus obtained is purified by chroma- 
tography on silica gel. With hexane/0-40% etl^l acetate, 1.53 g of the confound in the title 
are obtained as a colorless oil. 

>H-NMR (CDCy: 8 = 0.8-2.55 (37H), 1.06 (9H). 1.96/1.98 (3H), 2.69 (3H), 3.10^.15 
(8H). 4.26 (IH), 4.40-4.63 (IH). 5.05 (IH), 6.17 (IH), 6.78 (IH), 7.21-7.48 (6H), 7.55- 
7.74 (4H) ppm. 

Example Ian 

(4S(4R,5S,6S,llE/Z,13S,14E))-4-(13-Hydroxy-15-(2-methyl-4-thiazolyI)-3-oxo-5-(tetra- 
hydropyran-2-yIoxy)-2,4,6,1144-pentamethyl-pentadeca-10,14-dieii-2-yI)-2»2-dimetliyl- 

[l,3]dioxane 

To a solution of the compound prepared above, in 50 mL of tetrahydrofuran, 5.34 mL of a 1 
molar solution of tetrabutylammonium fluoride in tetrahydrofuran are added and the mixture 
is first stirred for 12 hours at 22*C and then for 4 hours at 50'C. Then the reaction mixture 
is poured into saturated ammonium diloride solution and extracted with ethyl acetate. The 
organic phase is dried over sodium sulfate and is evaporated in vacuum after filtration. The 
residue thus obtained is purified by chromatography on silica gel. Widi hexane/0-80% ediyl 
acetate, 851 mg of the compound in die tide are obtained as a colorless oil. 

'H-NMR (CDClj): 5 « 0.80-2.60 (39H), 2.07 (3H), 2.73 (3H), 3.28 (IH). 3.45 (IH), 3.60- 
4.33 (6H), 4.43-4.61 (IH), 5.25-5.43 (IH), 6.60 (IH). 6.95 (IH) ppm. 
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Example lao 

(3S,(K,7S,8S,12E/Z45S,l<nE)-17-(2-Methyl-4-thiazolyl)-5-oxo-4,4,6,8,13,16-hexamcU^^ 
heptadeca-1246-dieii-li3,745-tetraol 

To a solution of 725 mg of the alcohol prepared above, in 33 mL of ethanol, 44S mg of p- 
toluenesidfonic acid monohydrate are added and the mixnire is stirred for 3.S hours undo" 
nitrogen at 22"C. Then the reaction mixture is poured into saturated sodium hydrogen 
carbonate sohition and extracted with methylene chloride. The organic phase is dried over 
sodium sulfate and evaporated in vacuum after filtration. The residue thus obtained is 
purified by chromatography on silica gel. With hexane/0-l(X)% ethyl acetate/0-10% 
methanol, SOS mg of the compound in fbR title are obtained as a colorless oil. 

»H-NMR (CDQa): 6 = 0.84/0.87 (3H), 1.07 (3H), 1.13 (3H), 1.23 (3H), 1.68/1.77 (3H), 
1.00-1.8S (lOH), 2.06 (3H), 2.08-2.6 (3H), 2.72 (3H). 3.20-3.51 (4H), 3.89 (2H)..4.0S 
(IH). 4.23/4.29 (IH), S.30/S.40 (IH), 6.61 (IH), 6.96/6.97 (IH) ppm. 

Example lap 

(3S,6R,7S,8Sa2E/Z,15S,l<»E)-17-(2-Methyl-4-thiazolyl)-4,4,6,8,13,16-Iicxametliyl- 
l,3,7,15-tetrakis-[[dhnethyl-(l,l-dimethylethyI)silyI]oxy]-heptadeca-12,16-dien-5-one 
To a solution of 490 mg of the tetraol prepared above, in 30 mL of methylene chloride, 4 
mL of 2,6-lutidine are added, followed by dropwise addition of 3.9 mL of trifhioromethane- 
sulfonic acid tert-butyldimethylsilyl ester at -70'C under argon, and by stirring for 24> hours 
at -70'*C. Then the reaction mixture is poured into saturated sodhun hydrogen carbonate 
solution and extracted with methylene chloride. The organic phase is dried over sodium 
sulfate and evaporated in vacuum after filtration. The residue thus obtained is purified by 
chromatography on silica gel. With hexane/0-SO% ethyl acetate. 742 mg of the compound in 
the title are obtained as a colorless oil. 

»H-NMR (CDQa): 6 0.00-O.lS (24H). 0.90 (39H), 0.95-1.7S (9H), 1.05 (3H), 1.06 
(3H). 1.22 (31?), 1.53/1.62 (3H), 2.00/2.02 (3H). 2.21 (2H), 2.71 (3H), 3.15 (IH), 3.58 
(IH), 3.67 (IH), 3.77 (IH), 3.90 (IH). 4.23 (IH), 5.18 (IH), 6.49 (IH), 6.92/6.93 (IH) 
ppm. 
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Example laq 

(3S,6R,7S,8S42E/Z45S46E)-17-(2-Methyl-4-thiazolyi)-4,4,6,8,13-16-hexamethyl-l- 
hydroxy-3,745-tris-[[dimethyl-(14-dimethylethyOsilyl]oxyl-heptadeca-12,16-dien-5-oiie 
To a solution of 735 mg of the silyl ether prepared above in a mixture of 8 mL of dichloro- 
methane and 8 mL of methanol, 179 mg of camphor-lO-sulfonic acid are added at O^C under 
argon. The mixture is allowed to warm up to 22*'C and is stirred for another 1.5 hours. 
Then 0.6 mL of triethylamine are added, the mixture is poured into a saturated sodium 
hydrogen carbonate solution and is extracted several times with dichloromethane. The 
organic phase is dried over sodiimi sulfate and is evaporated in vacuum after filtration. The 
residue thus obtained is purified by chromatography on silica gel. With hexane/0-20% ethyl 
acetate, 527 mg of the compound in the title are obtained as a colorless oil. 

'H-NMR (CDCI3): 6 = 0.00-0.17 (18H), 0.93 (30H), 1.09 (9H), 0.90-1.54 (8H), 1.66/1.73 
(3H), 1.93 (2H), 2.00/2.03 (3H). 2.20 (2H), 2.73 (3H), 3.15 (IH), 3.67 (2H). 3.81 (IH). 
4. 10 (IH), 4.23 (IH). 5.20 (IH), 6.47 (IH). 6.92/6.94 (IH) ppm. 

Exanq[>le lar 

(3S,6R,7S,8S,12E/Z,15S,16E)-17-(2-Methyl-4-thia2olyl)-4,4,6,8,13,16-hexamethyl-3,7,15- 
tris-[[dimethyI-(l,l-dimethylethyl)silyI]oxy]-5-oxo-heptadeca-12,16-dienal 
To a solution of 520 mg of the alcohol prepared above, in 30 mL of methylene chloride, 
1.28 g of Collms reagent are added at O^C under argon and the mixture is stirred for 15 
minutes at 0*C; Then Celite is added and the mixture is diluted with ether. It is filtered 
through the Celite, washed thoroughly with ether and the filtrate is evaporated in vacuum. 
The compound m the title thus obtained (463 mg) is used in the next step as a pale-yellow oil 
without furtho: purification. 

•H-NMR iCDOO- fi ^ 0.0-0.17 (18H), 0.91 (30H), 1.05 (3H). 1.10 (3H), 1.27 (3H), 
1.65/1.72 (3H). 1.00-1.62 (8H). 2.00/2.03 (3H). 2.21 (2H). 2.30-2.58 (3H), 2.72 (3H), 
3.14 (IH), 3.79 (IH), 4.23 (IH). 5.20 (IH), 6.47 (IH). 6.92/6.94 (IH) ppm. 
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Example las 

(3S,6R,7S,8S42Z45S,l(aE)-17-(^Methyl-4-thia20lyl)-4,4,6,843a6-hexamethyl-3,7,15- 
tris-[[dimethy!-(14-diinethylethyl)sflyqoxy]-5-oxo-heptadeca-1246-dienoicacid (A) and 
(3S,6R,7S,8S42E,15S,ie»]^-17-(2-MethyI-4-thia2olyI)-4,4,6,8,1346-hcxameft 
tris-[[dimethyl-(l,l-dimethylethyl)silynoxy]-5-^xo-heptadeca-1246-dienoicad^ (B) 
To a solution of 530 mg of the aldehyde prepared above, in 19.S mL of acetone, 1.5 mL of 
a standardized 8 N duomsulfuric acid solution are added at -30*'C and the mixture is stirred 
for 45 minutes. Then it is poured into a mixture of water and diediyl ether and the organic 
phase is washed twice with saturated sodium chloride solution. The organic phase is dried 
over sodium sulfate and evaporated in vacuum after filtration. The residue thus obtained is 
purified by chromatography on silica gel, performed twice. Witii hncane/0-90% etlqrl 
acetate, 162 mg of the compound A in the tiUe as noiqpolar component and 171 mg of 
compound B in the tide as die polar conqponent are obtained as colorless oils. 

'H-NMR (CDClj) of A: 5 = 0.00-0.18 (18H), 0.88 (30H), 0.90-1.68 (7H), 1.09 (3H). 1.17 
(3H), 1.20 (3H), 1.75 (3H), 1.98 (3H), 2.00-2.50 (4H), 2.72 (3H). 3.16 (IH). 3.73 (IH), 
4.33 (IH). 4.43 (IH), 5.23 (IH). 6.72 (IH). 6.97 (IH) ppm. 

'H-NMR (CDClj) of B: 6 = 0.00-0.17 (18H). 0.90 (30H), 0.90-1.45 (7H), 1.07 (3H). 1.13 
(3H). 1.23 (3H). 1.63 (3H). 1.97 (3H). 1.85-2.58 (4H). 2.51 (3H). 3.17 (IH). 3.80 (IH), 
4.21 (IH), 4.39 (IH), 5.18 (IH), 6.46 (IH), 6.92 (IH) ppm. 

Exanq>le lat 

(3S,6R,7S,8S,12E45S,l«ED-17-(2-Methyl-4-thia2oly0-4,4,6,8a3,16-he3ramethyl-3,7-bi»- 
[[dlmethyl-(l,l-dimethyIethyI)sflylloxyl-15-hydroxy-5-oxo-heptadeca-i2,l<-dienoicadd 
To a solution of 50 mg of the compound B in the tide prepared in Example las, in 1.5 mL 
of tetrahydrofuran. 0.59 mL of a 1 molar solution of tetrabutylammonhun fluoride ate added 
at 22*C under argon, followed by stirring for 16 hours. Then die reaction mixture is poured 
into ice cold sanitated anmionium chloride solution and extracted widi ethyl acetate. The 
combined organic phases are washed once widi 1 N hydrochloric add and once widi 
sattirated sodium chloride solution. The organic phase is dried over sodium sul&tc and 
evaporated in vacuum after filtration. The residue thus obtained is purified by chromatogra- 
phy on silica gd. Widi hexane/0-80% ediyl acetate. 42 mg of die compound in die title are 
obtained as a colorless oil. 
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•H-NMR (CDQa): 6 = 0.00-0.15 (12H), 0.91 (21H). 1.07 (3H). 1.13 (3H), 1.23 (3H), 
0.80-1.50 (9H), 1.69 (3H). 2.03 (3H), 2.11-2.58 (4H). 2.73 (3H), 3.15 (IH). 3.80 (IH). 
4.24 (IH), 4.41 (IH), 5.31 (IH), 6.53 (IH). 6.95 (IH) ppm. 

Example 1 an 

(4S,7R,8S,9S43E,16S(E))-4,S-Bls-[[dimcthyl-(14-dimethylethyl)sflyno3grl-16-(l-me^^ 
(2-methyl-4-thia2olyI)ethenyI)-l-oxa-5,5J,944-pentamethyl-<ydohexadcc-13-cn^^ 

dione 

To a solution of 118 mg of the acid prepared above, in 6 mL of tetrahydrofuran, 75 /*L of 
triethylamine, 50 tiL 2,4,(5-trichloroben2oyl chloride are added under argon and the mixtiue 
is stirred for 15 minutes. This sohition is added over a period of 3 hours to a sohition of 
195 mg of 4-dimetiiylaminopyridnie in 90 mL of toluene and flien the mixture is stirred ft»r 
another 15 minutes at 23'C. It is evaporated in vacuum and the residue thus obtained is 
purified by chromatography on siUca gel.. With hexane/0-40% ethyl acetate. 87 mg of the 
compound in the tide are obtained as a colorl^ oil. 

•H-NMR (CDCI3): 6 = 0.00^.17 (12H). 0.87 (9H), 0.93 (9H), 0.96 (3H). 1.12 (3H), 1.14 
(3H). 1.21 (3H). 1.63 (3H). 2.14 (3H). 1.00-2.37 (lOH). 2.49 (IH). 2.62 (IH). 2.73 (IH). 
2.82 (IH). 3.05 (IH). 3.92 (IH). 4.20 (IH). 5.31 (IH). 5.37 (IH). 6.59 (IH). 6.95 (IH) 
ppm. 

Example 1 

(4S,7R,8S,9S43E,16S(E))-4,8-Dmydroxy-16-(l-mcthyl-2-(^mcthyl-4-thia2oly0ethenyl)^ 
oxa-5,5,7,9,14-pentamethyl-cycIohexadec-13^e-2,6-dioiie 

To a solution of 45 mg of the lactone prepared above in 1.5 mL of methylene chloride. 348 
/tL of a 20% sohition of trifhioroacetic acid in methylene chloride arc added at -lO'C under 
argon. The mixture is allowed to warm up to O'C and is stirred for 5 hours at this tempera- 
ture. The reaction mixture is evaporated in vacuum and the residue thus obtained is purified 
by chromatography on silica gd. With hexane/0-80% ethyl acetate. 22.4 g of the compound 
in the tide are obtained as a colorless oil. 
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»H-NMR (CDCI3: 6 = 0.99 (3H). 1.08 (3H), 1.20 (3H). 1.31 (3H). 1.64 (3H), 1.05-1.75 
(5H), 1.90 (IH). 2.01 (3H), 2.21 (2H). 2.34 (IH), 2.49-2.52 (3H). 2.72 (3H), 3.10 (IH). 
3.22 (IH), 3.77 (IH), 4.02 (IH), 5.31 (IH), 5.52 (IH). 6.58 (IH), 6.98 (IH) ppm. 

Example 2 

(lS,3S(E),7S40R,llS42S,16S)-741-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazofy^ 
ethenyl)-l,8,84042-pentamethyl-4,17-dioxabicydo[14.1.0]heptadecane-5,9-dionc(A) and 
(lR,3S(E5,7Sa0R,llS,12S,16R)-7,ll-Dihydroxy-3-(l-methyl-2-(^methyl-4-tIife^ 
ethcnyl)-l,8,8,10,12-pentamethyM47-dioxabicydo[14a.0]heptadecane-5,9-dione(B) 
To a solution of 20 mg of flw title compound prepared in Example 1. in 0.4 mL of acetoni- 
trile, 233 /zL of a 0.1037 moliar disodium EDTA salt solution and 389 ftL of 1,1,1-trifhioro- 
acetone are added at O'C under argon. Then a mixture of 47.6 mg of oxone aiid 27.3 mg of 
sodium hydrogen carbonate is added and the mixture is stirred for 2.5 hours at 0*C. Then 
sodhim thiosulfate solution is added and the mixture is extracted several times with ethyl 
acetate. The combined organic phases are washed widi saturated sodium chloride solution, 
dried over sodium sulfate and evaporated in vacuum after filtration. A second batdi of die 
same size yields another batch of the crude product. The combined crude products thus 
obtained axe purified by preparative thick-layer chromatography with hexane/50% ethyl 
acetate. The actual sq>aration of the compounds A and B in die title is done HPLC 
separation (Chiralpak AD 10 n; hexane:ethanol 85:15). In diis way. 6.7 mg of conqKJund A 
in the tide and 16.2 mg of compound B in the title are obtained as colorless oils. 

»H-NMR (CDQa) of A: 5 = 0.99 (3H). 1.05 (3H), 1.16 (3H), 1.43 (3H). 1.45 (3H). 1.05- 
1.72 (8H). 2.00 (2H). 2.09 (3H). 2.44 (2H), 2.72 (3H), 2.89 (IH). 3.50 (IH). 3.83 (IH). 
4.14 (IH). 4;50 (IH). 5.62 (IH). 6.57 (IH), 6.98 (IH) ppm. 

»H-NMR (CDCI3) of B: 6 = 1.03 (3H), 1.13 (3H). 1.23 (3H). 1.34 (3H). 1.36 (3H). 1.07- 
1.72 (7H). 1.70 (IH). 2.08 (3H). 2.22 (2H). 2.50 (IH), 2.60 (IH). 2.72 (3H). 2.93 (IH). 
3.25 (IH), 3.57 (IH). 3.82 (IH). 4.05 (IH), 5.44 (IH), 6.66 (IH), 6.98 (IH) ppm. 
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Examples 

(4S,7R,8S,9S43Z,16S(E))-4,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-thiazolyl)ethenyl)-l^ 
oxa-S,5,7,9,14-pehtamethyl-cydotaexadec-13-ene-2,6-dione 

Example 3a 

(3S,6R,7S,8S,12Z,15S46E)-17-(^Methyl-4-thiazolylH,4,6,8,13,16-hexamethy^3,7-bis- 
[[d!methyl-(14-dimethylethyl)sayl]oxy]-15-hydroxy-5M)xo-hcptadeca-1246-dienoicad^ 
Compound A in the title, prepared according to Example Ir, ISO mg, is reacted analogously 
to Example Is. Thus,' 81 mg of the compound in the title are obtained as a colorless oil. 

»H-NMR (CDQa): 6 = 0.00-0.16 (12H), 0.90 (21H), 1.08 (3H), 1.17 (3H). 1.18 (3H), 
0.80-2.28 (8H), 1.78 (3H). 2.03 (3H), 2.30-2.55 (4H). 2.73 (3H), 3.14 (IH). 3.78 (IH). 
4.28 (IH). 4.42 (IH). 5.38 (IH), 6.78 (IH). 6.97 (IH) ppm. 

Example 3b 

(4SJR,8S,9S,13Z,16S(E))-4,8-Bis-[[dimethyHl,l-dimethylethyl)sayl]oxy]-16-(l-mcthyl-2- 
(2-metliyI-4-thia2olyl)ethenyl)-l-oxa-5,5,7,9,14-pentamethyl-cyclohexadec-13-ene-2,6- 

dione 

The compound prepared above, 81 mg, is reacted in analogously to Example lau. After 
column chromatography, 75 mg are obtained which are purified once more by preparative 
thick-layer chromatography with hexane/10% ediyl acetate. Thus, 58 mg of the compound 
in the title are obtained as a colorless oil. 

»H-NMR (CDCI3): 6 = 0.00^.17 (12H), 0,79-0.99 (24H), 1.09 (3H), 1.16 (3H), 1.72 
OK), 1.00-1.92 (8H). 2.12 (3H). 2.31 (2H). 2.68 (IH). 2.71 (IH). 2.88 (IH). 2.99 (2H). 
3.89 (IH). 3.98 (IH). 5.06 (IH). 5.27 (IH). 6.59 (IH). 6.98 (IH) ppm. 

Exanq>Ie 3 [sic. should be 3c] 

(4S,7R,8S,9S,13Z46S(E))-4,8-I)lhyaroxy-16Kl-mcthyl-^(^methyl-4-thla2oly0ethenyi^^ 
oxa-5,5,7,9,14-pentamethyl-<7c!ohexadec-13-€iie-2,6-dione 

The compound prepared above. 27 mg. is reacted in analogy to Example 1. The purification 
is done by preparative thick-layer chromatography with hexanc/20% ethyl acetate. Thus. 
17.4 mg of the conqpound in the title are obtained as a colorless oil. 
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•H-NMR (CDCy: 5 = 1.02 (3H). 1.11 (3H). 1.20 (3H), 1,35 (3H). 1.75 (3H), 1.10-2.05 
C7H), 2.10 (3H), 2.20 (IH), 2.39 (IH). 2.51 (IH), 2.70 (3H), 2.83-3.01 (2H), 3.14 (IH). 
3.80 (IH), 3.42 (IH), 4.20 (IH), 5.23 (IH), 5.40 (IH), 6.62 (IH), 6.98 (IH) ppm. 

Example 4 

(lR,3S(]^,7S40I^llS,12S46S)-7,ll-Dihydroxy-3-(l-methyI-2-(2-methyl-4-tWazolyI)- 
ethenyl)-l,8,8,10,12-pentamethyl-447-dioxabicyclo[14.1.0]heptadecane-5,9-dione(A) and 
(lS,3S(©,7S40R,llS,12S,16R)-741-I>»»ydroxy:3-(l-methyl-2-(2-methyl-4-tWa2^ 
ethenyl)-l,8,8,10,12-pentamethyl-447-dioxablqrcIo[14.1.0]heptadecane-5,9-dioiic(B) 
The compound prepared in Example 3, 15 mg, is reacted analogously to Example 2. The 
purification is done only by preparative thick-layer chromatography. Thus, 0.3 mg of 
compound A in the title and 11 mg of compound B in the title are obtained as colorless oils. 

•H-NMR (CDCI3) of A: 6 = 0.94 (3H), 1.04 (3H). 1.10 (3H), 1.41 (3H), 1.43 (3H), 1.05- 
2.20 (7H), 2.12 (3H). 2.24-2.65 (4H), 2.73 (3H), 3.32 (IH). 3.40-3.82 (2H). 4.07 (IH), 
5.80 (IH), 6.62 (IH), 6.98 (IH) ppm. 

•H-NMR (CDQa) of B: « - 1.03 (3H), 1.15 (3H). 1.21 (3H), 1.36 (3H), 1.38 (3H). 1.10- 
1.97 (9H), 2.05 (3H), 2.09 (IH). 2.42 (IH). 2.53 (IH). 2.70 (3H). 2.72 (IH). 3.14 (IH). 
3.67 (IH), 3.81 (IH), 4.12 (IH), 5.49 (IH), 6.56 (IH), 6.97 (IH) ppm. 
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Patent Claims 

1. Epothilone derivatives having general fonnula I, 



where 
R^. R»» 
RrR-* 



D-E 




1. 



are the same or different and stand for hydrogm, Ci-Cio all^l, aryl, Cf-Qo 

aralkyU or together for an -{CR^a group where m » 2, 3, 4 or 5, 

are the same or different and staiul for hydrogen, C|-C|o all^i, aryU Ct-Qo 

aralkyl, or together for a -(CH]), group where n » 2, 3, 4 or S. 

is hydrogen, Ci-Cto all^l, aryl, C7-C20 arall^I, 

are the same or different and stand for hydrogen, Ci-C,o alkyl, aryl, CrCu 
aralkyl. or together for an -(CI^ groiq> with p 2, 3, 4 or S, 



stands for a .HcscH . c« . , XT. , 

H H H H 



groiq). 



R' 

R*. R' 
R'' 

R« 

X 



is Ci-Cio alkyl, aryl, CVC» aralkyl, 

each stands for a hydrogen atom, together for an additional bond or for an 
oxygen atom, 

is hydrogen. Ct-Cio all^l, where the all^l group optionally can be substituted 

by one or several halogen atoms and/or hydroxyl groups, 

is hydrogen. Ci-C» alkyl, aiyl, C7-C20 aralkyl, all of which can be substituted, 

is an oxygen atom, two aDcoxy groups OR*, a €2-0,0 all9lene-a,(iHlioxy 

group, whidi can be straight-chain or branched, H/GR^ or a CR"R" groiq>, 

where 
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R' stands for a Ci-C^ alkyl group, 

Rio stands for hydrogen or a protective group PG*. 

R",R>^ can be the same or differrat and stand for hydrogen, a Ci-C» 

alkyl, aiyl, C7-C20 aralkyl group or R" and R"* together with the 
methylene carbon atom stand for a S- to 7-membered carbor 
cyclkring, 

Y is an oxygen atom or two hydrogen atoms* 

• Z is an oxygen atom or H/OR", 

where 

R» is a hydrogen atom or a protective group PG^, 

including all stereoisomers of these compounds and their mixtures. 

2. Epothilone derivatives having general formula I according to Claim 1, wh«c 1^, R^, 
R^, D-E, R', R', R^ and R' all can have the meanings given in general formula I and the 
rest of the molecule is identical with the namrally occurring epothilone A or B. 

3. Epothilone derivatives of general formula I according to Claun 1, where ^, R*, R**, 
R^. R' and X can all have the meanings given in general foimula I and die rest of the 
molecule is identical with the naturally occurring epothilone A or B. 

4. Epofliilone derivatives having general formula I according to Claim 1, where Y, Z, 
R", R*^ R*", R*. R', R*. R*. D-E, R', R*. R^ and R' all can have the meanings given hi 
geneial formula I and the rest of the molecule is identical with the naturally occurring 
epothilone A or B. 

5. Epothilone derivatives having general fonnula I according to Claim 1, where Y, Z, 
R*', R**, R^, R*, R', R*, R**, R^ R* and X can all have the meanhig given in general 
formula I and the rest of the molecule is identical with the naturally occurring epothilone A 
orB. 

6. Epothilone derivatives havmg general fonnula I according to Claim 1, where I?. R**, 
R**, D-E, R', R*, R'', R', R' and X all can have the meanings given in general formula I and 
the rest of the molecule is identical with tiie naturally occurring epotiiilone A or B. 

7. EpothUone derivatives having general fonnula I according to Claim 1, where ^ 
stands for a methyl, cdiyl or propyl group. 



REPLACEMENT PAGE (RULE 2€i 



78 



wo 00/00485 



PCT/EP99/04915 



8. Epothilone derivatives having general fonnula I according to Claim 7, where and 
together stand for an additional bond. 

9. Epothilone derivatives having general formula I according to Claim 7, where and 
together stand for an epoxy group. 

10. Epothilone derivatives having general formula I according to Claim 1, where R" 
stands for a hydrogen atom, a methyl, ethyl, propyl, hydroxymetfayl, fluorometfayl or 
trifluoromethyl groiq>. 

11. Compounds having general formula I according to Claim 1, namely 

(4S,7R,8S,9S,13Z,16S(E))-4,8-Dihydroxy-16-(l-methyl-M2-methyl-4-thiazolyl)cthenyl)-l- 
oxa-5,5,7,9, 14-pentamethyl-cyclohexadec-13-ene-2,6-dione 

(1S,3S(E),7S, ICR, 1 lS,12S.16R)-7. 1 l-Dihydroxy-3-(l-methyl-2-(2-methyl-4-thiazolyl)ethen- 
yl)-1.8,8,10,12-pentamcthyl-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dioiieand 

(lR,3S(^,7S,10R,llS,12S,16SH41-Dihydroxy-3-(l-methyl-2K2-methyl-4-thiazolyl)ethBn- 
yl)-l,8,8,10,12-pentamethyl-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dioiiB 

(4S,7R,8S,9S,13Z.16S(E)H.8-Dihyd«>xy:16Kl-methyl-2-a-methyl-4-oxaTO 
oxa-5,5 ,7,9, 14-pentamethyl-cyclohexadec-13-cne-2,6^one 

(lS,3S(E).7S,10R.llS,12S.16RH,ll-Dihy<iroxy-3Kl-methyl-2-(2-methyl-4-ox^ 
yl)-l,8,8.10,12-pentamcthyl-4,17-dioxabicyclo[14.1.0]heptadecaiie-5,9-dioiie 

and 

(lR.3S(]©,7S,10R.llS.12S.16SH,ll-Dihydroxy-3Kl-methyl-2-(2-methyl-4-oxazoty^ 
yl)-l,8,8.10,12-pentamethyl-4,17«<lioxabicyclo[14.1.0]heptadecaiie-5,9-dioiie 

(4S,7R,8S.9S,13Z,16S(E))-4,8-Dihydroxy-16-(l-methyl-2-(2-pyridyl)ethenyl)-l-oxa- 
5,5,7,9,14-pentamethyl-cyclohexadec-13-cne-2,6-dione 



REPLACEMENT PAGE (RULE 26) 



79 



wo 00/00485 



PCT/EP99/0491S 



(1S,3S(E),7S, lOR, 1 IS, 12S, 16R)-7. 1 l-Dihydroxy-3-(l-methyl-2-(2-pyridyl)etheiiyl)-l ,8^8,- 

1042-pentamethyl-4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dionc 

and 

(lR.3S(E)JS40R41S42S46S)-7,ll-Dihydfoxy-3-(l-methyl-2-(pyridyl)ethenyl)-l,8.8,- 
10,12-pentamethyl-4,17-dioxabicyclo(14,1.0]heptadecaiie-5,9-dione 

(4S,7R,8S,9S43Z46S(E)H.8-Dihydroxy-7-ethyl-16-(l-methyl-2-(2-methyl'4-thiaTO 
yl)-l-oxa-5,5,9,14-tctramethyl-cyclohexadec-13-ene-2,6-dione 

(lS,3S(E),7S40R41S42S46RH.ll-Dihy<lrpxy-10-ethyl-3-(l-methyl-2-^^^ 
thiazolyl)ethenyl)-1.8,8,12-tetramethyl-4,17-dioxabic7clo(14J.O]heptadec^ 

and 

(lR,3S(E),7SJ0R,llSJ2S46S>741-Dihydroxy-10-ethyl-3-(l-methyl-2-(2-methyl-^ 
thiazolyl)ethenyl)-l,8,8.12-tetramethyl-447Hiioxabi(7clo[14.1.0]hq)tade^^ 

(4S,7R,8S,9S43Z46S(E)H.8-Dihydroxy-5,5-dimethylene-16Kl-methyl-2-<2-methyl^ 
thiazolyl)etheivl)-lH)xa-7,944-trimethyl<yclohexadec-13-ciie-2,Mi 

(lS,3S(E).7S40R41S,12S46R)-741-Daydroxy-8,8-dimethylene-3-(l-methyl-2K2-meA^^ 
thiazolyl)etbenyl)-l , 10, 12-trimethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-S.9-dioiie 
and 

(lR,3S(E)JS40R41S42SJ6S)-7.11-Dmydroxy-8,8-dimethylene-3-(l-methyl-2K2-mcthyl^ 
tWazolyl)ethenyl)-14042-trimefliyl-447-dioxabicyclo[14.1.0]heptadec^ 

(4S,7R.8S.9S43Z46S(5)H.8-Dihydroxy-5.5-trimethylcne-16-(l-methyl-2K2-n^ 
tWazolyl)ethenyl>l-oxa-7,944-trimethyl-<7clohexadec-13-ciie^ 

(lS.3S(E)JS,10R.llS,12S,16R>741-Daydioxy-8,8-trimethylene-3-(l-meth^ 
thiazolyl)etlienyl)-1.1042-trimelhyl-447-^ioxabicyclo(14.1.0]heptadec^ 

and 

(1R,3S(E).7S, 10R.1 IS, 12S. 16S)-7, 1 l-Daydroxy-8,8-trimethylene-3Kl-mcthyl-2-(2-meaiyl-4- 
thiazolyl)ethenyl>l,1042-titoetliyl-4,17-dioxabicycloI14.1.0]hept^ 
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(4SJR,8S,9S43Z,16S(E))-4,8-Dihydroxy-14-ethyl-16-(l-methyl-2-(2-methyl-4-thiaM 
nyl)-l-oxa-5,5,7,9-tetramethyl-cyclohexadec-13-ene-2,6^oiic 

(lS.3S(E),7S40R,llS42S46R>741-Dihydroxy-l-ethyl-3-(l-methyl-2-(2-methyl-4- 
yl)ethenyl)-8,8J042-tetramethyl-4J7-dioxabicyclo[14.1.0]heptadecaiie-5,9^^ 

and 

(lR,3S(E),7S40R41S42S46S)-741-Dfliydroxy-l-ethyl-3-(l-metbyl-2-a-methyl-4-th^ 
yl)ethenyl)-8,8.10,12-tetramethyl-4,17-dioxabicyclo[14.1.0]heptade^ 

(4SJR,8S.9S,13Z,16S(E))-4,8-Dihydroxy-14-ethyl-16Kl-metliyl-2-(2-methyl-4^ 
ethenyl)-l-oxa-5,5,7,9-tetramethyl-cycloliexadec-13-ene-2,6-dione 

(lS,3S(E)JS40R41S42S46R)-741-Dihydroxy-l-etliyl-3Kl-methyl-2-(2-methyl-^ 
yl)ethenyl)-8,84042-tetramethyl-447-dioxabi(7clo[144.0]heptadecane-5,9HU 

and 

(lR,3S(E)JS40R41S,12S,16S)-7.11-Daydroxy-l-ethyl-3-(l-methyl-2-(2-methyM-oxazol- 
yl)ethenyl)-8,84042-tetramethyl-4a7-dioxabi<7clo[14.1.0]hq)tadecane-5 

(4S.7R,8S.9S, 13Z, l6S(E)H.8-Dihydroxy-14-cdqfl-16Kl-metliyl-2K2-pyridyl)ethe^ 
5,5,7 ,9-tetramethyl-cyclohexadec-13-cne-2,6-dione 

(lS,3S(E),7S,10R.llS,12S.16R)-7,ll-Diliydioxy-l-ethyl-3Kl-methyl-2K2-pyrid^ 
8,8,10,12-tetramethyl-4,17-dioxabicyclo(14.1.0]heptadecane-5.9,dione 

and 

(lR,3S(E),7S.10R,llS,12S,16SH.ll-Dihydroxy-l-ethyl-3-(l-methyl-2-(2-pyridyl)e^ 
8,8, 10,12-tetramethyK4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-<lione 

(4S,7R.8S,9S,13Z.16S(E)H.8-Dihydroxy.7,14-diethyl-16-(l-methyl-2-(2-meth^^^ 
ethenyl)-l-oxa-5,5,9-trimelhyl-cyclohexadeo-13-ene-2,6-dioni5 

(lS,3S®,7S,10R,nS.12S.16RH4^Pihydioxy-l,10^iethyl-3Kl-metl^^ 
thiazolyl)ethenyl)-8,8,12-trimethyl-4,17-dioxabKyclo[14.1.0]lieptw^^ 

and 
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(lR,3S(E)JS,10R,llS42S46SH.ll-Dihydroxy-1.10-diethyl-3Kl-methyl-2-(2-meth^^ 
thiazolyl)etheiQrl)-8,8.12-trimethyl-4J7-dioxabicyclo[14J.0]heptade^ 

(4S,7R,8S.9S,13Z46S(E))-4,8-Dihydroxy-14-propyl-16Kl-methyl-2-<2-memyl-^ 
ethenyl)-l-oxa-5,5,7,9-tetramcthyl-cyclohexadec-13-eiie-2,6^oiie 

(lS,3S(E),7S.10R,llS42Sa6R)-741-Dihydroxy-l-pnwl-3Kl-methyl-2-<2-m^ 
thiazolyl)ethenyl)-8,84042-tetramethyl-447-dioxabicycIo[i4.1.0]heptadec^ 

and 

(lR,3S(E)JS40R41S42S46S)-7ai-Dmy<iroxy-l-propyl-16Kl-meflQrl-2K2-methyl-^ 
thiazolyl)etheiqrl)-8,84042-tetramcthyl-447-dioxabicyclo[14.1.01heptade^^ 

(4S,7R,8S,9S43Ea6S(E)H,8-Dihydroxy-16-(l-methyl-2-(2-methyl-4-t^^ 
oxa-5,5.7»9, 14-peiitamethyl-cyclohexadcc-13-cne-2,6-dione 

(lS,3S(E),7S40R.llS42S46S)-7ai-Daydroxy-3-(l-methyl-2-(2-methyl-4-thiazoty^^^ 

yl>l ,8,8, 10,12-pentainethyl-4,17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dioiie 

and 

(lR,3S(E),7S,10R,llS.12S.16R)-7,ll-Dihydioxy-3-<l-methyl-2-(2-ii»thyl-4-th^ 
yl)-l,8,8.10,12-pentamethyl-4,17-<Uoxabicyclo[14.1.0)heptadecaiie-5,9-dioM 

(4S,7R,8S,9S.13E.16S(E)H.8-D%droxy-16-(l-methyl-2-(2-methyl-4K)xazolyl)^^ 
oxa-5.5,7,9,14-pentamethyl-cyclohexadec-13-cne-2,6-dioiie 

(lS.3S(E).7S.10R.llS,12S,16S>7,ll-Dmydioxy-3-(l-methyl-2-a-mcthyl^xazolyl)^^ 
yl)-l,8.8.10,12-pentametliyl-4,17^iioxabi(7clo[14.1.0]hq)tadccai^ 

and 

(lR,3S(E),7S.10R.llS,12S.16RH.ll-I>%<Jroxy-3-(l-methyl-2-a-methyl^xaz^^ 
y\yi ,8,8. 10.12-pentamethyl-4,17-dioxabicyclo[14. 1 .0]hcptadecane-5.9-dione 

(4S,7R,8S,9S,13E,16S(5)H.8-D%drQxy-16Kl-methyl-2-(2-pyridyl)^^ 
9,14-pentaniethyl-cyclohexadec-13-ene-2,6Kli<Mie 
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(lS,3S(E)JSa0R41S,12S.16S)-7.11-Dihy<lroxy-3-(l-methyl-2-(2-pyridyl)ethenyl)-1.8,^ 
10, 12-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-<iioue 

and 

(lR,3S(E)JS40RaiS42S46R)-741-Dihydroxy-3-(l-methyl-2-(2-pyridyl)ethenyl>l.8,^ 
10, 12-pentamethyl-4, 17-dioxabicyclo[14. 1 .0]heptadecane-5,9-dione 

(4S,7R,8S,9S,13E,16S(E))-4,8-Daydn)xy-7-etliyl-16-(l-methyl-2-<2-mcthyl-4-th^ 
yl)-l-oxa-5,5,9,14-tetramethyl-cyclohexadec-13-eiie-2,6-dioiie 

(lS,3S(E).7S,10R,llS,12S,16S)-7,ll-Dihydi:oxy-10-ethyl-3-(l-methyl-2-(2-meti^^ 
tluazolyl)etheiiyl>l,8,8.12-tetramethyl-4,17-<iioxabicyclo[14.1.0]hepto^ 

and 

(lR,3S(E),7S,10R,llS,12S,16RH41-Dihydroxy-10-ethyl-3Kl-metliyl-2-(2-niethyl-4- 
thiazolyl)etheiorl)-l,8,8,12-tetramethyl-4,17-dioxabi<7clo[14.1.0]heptade^^ 

(4S,7R,8S,9S,13E,16S(E))-4,8-Dmydroxy-14-ethyl-16-(l-methyl-2-(2-methyl-4-thiazoty^^ 
ethenyl)-l-oxa-5,5,7,9-tetramethyl-cyclohexadec-13^ne-2,6-dione 

(1S,3S(E),7S,10R.1 lS,12S,16S)-7, 1 l-Dihydroxy-l-cthyl-3-(l-methyl-2-(2-methyl-4-thia2»l- 
yl)ethenyl>8,8,10,12-tetramefliyl-4,17-Klioxabicyclo[14.1.0]hcptadecane-5,9-^ 

and 

(lR.3S(E).7S,10R.llS.12S,16RH,ll-Dihydroxy-l-cthyl-3-(l-methyl-2-K2-methyl^ 
yl)ethenyl)-8,8,10,12-tetraniethyl-4,17-dioxabi(7clo[14.1.0]beptadec^ 

(4S,7R.8S,9S.13E,16S(E)H.8-Daydroxy-14-propyl-16Kl-methyl-2-(2-methyl-^ 
ethenyl)-l-dxa-5.5,7,9-tetramethyl-cyclohexadec-13-cne-2,6-dione 

(lS.3S(E).7S,10R.llS.12S,16S)-7,ll-Dihydroxy-l-propyl-3-(l-inethyl-2-(2-m^^^ 
thiazolyl)ethenyl>8,8,10.12,-tetramethyM,17-dioxabicyclo[14.1.0]heptt^^ 

and 

(lR,3S(E).7S.10R.llS.12S,16RH.il-P%droxy-l-propyl-16-(l-methyl-2-(2-me^^^ 
thiazolyl)ethenyl)-8,8,10.12,-tetramethyM.17-dioxabicyclo[14.1.0]heptadec^ 
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12. Method for the preparation of the epothilone derivatives having general formula I 
according to Claim 1, 




I. 

where 

the substituents have the meanmgs given in general formula I, 

characterized by ihe fact 

that a fragment of general formula B 



B 

where 

R''. R*"', R*' and R** have the meanings given already for R', R^, R* and R**. and 
R'^ is a hydroxyl group, halogen, a protected hydroxyl group OPC, a phosphoni* 

um halide group PPhg'^Hal* (Ph « phenyl, Hal = F, CI, Br, I), a phosphonate 
group P(0)(0Q>2 (Q " Ci-Cio all^l or phenyl), or a phosphine oxide groi^ 
P(0)Pht (Ph = phenyl), 
is reacted m± a fragment having general formula C 
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C 



where 

R^', R*' have the meaning already given in general formula I for R' and R' and 

R" stands for a hydrogen atmn or a protective group PC 

U stands for oxygen atom, two alkoxy groups OR', a C2-C,o alkylene-a,oHlioxy 

group, which can be straight-chain or branched, H/OR^^ or a CR^R'' groiq>, 

where 

R' stands for a Ci-Cu allcyl groiq>, 

R}'* stands for a hydrogen or a protective group PC*, 

R", R*' can be the same or different and stand for hydrogen, a C1-C20 

alkyi, aryl, Cf-Cu arall^l group or R" and R" together with the 
methylene carbon atom stand for a S- to 7-membered carbocy- 
clic ring, 

W is an oxygen atom, two alkoxy groups OR", a Cj-Cio all^lenc-o,w-dioxy 

group, which can be istraight-chain or branched or VUOR^, 
where 

R'' stands for a C,-C» group. 

R^ stands for hydrogen or a protective group PG^. 

to form a partial fragment having general fomnila BC 




BC. 
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where 

R', R**, R**, R*. R*. R", R', R", D, E, U and V have the meanings already given, 
and then this partial fragment BC is reacted with a fragment having general formula A 



where 

R"*, R"»*, R*»' and R*** have the meanings already given for R", R*\ R^ and R^ and 
R»* stands for CH,OR>^ CHj-Hal. CHO. COjR'^ COHal. 

R»* stands for hydrogen, OR**, Hal. OSOjR"*, 

R»^, R"* stand ibr hydrogen. SOj-alkyU SOj-aryl. SOj-aralkyl or together for a (CH,), 

group or together for a CR**Tl'* group, 
R'**, R'» stand for hydrogen, C,-Cm alkyl, aryl, C7C20 aralkyl, 
. R"*, R** are the same or different and stand for hydrogen, C,-C,o alkyl. aryl, CrCjo 
aralkyl, or together for a <CH^^ group, 
Hal is halogen. 

0 is 2 to 4. 

q is 3 to 6, 

including all stereoisomers as well as their mixtures as well as the free hydroxyl group in R'* 
and R'^ can be etherified or esterified, the free carbonyl groups in A and R'* can be 
ketalized, converted into an enol ether or reduced, as well as the free acid groups in A can 
be converted to their salts with bases, 

to form a partial fragment having general formula ABC 
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ABC, 

where R>-. K\ R^ R». R'. R*", R*. R». R«. R*», R', R«. R'*. R". D. E. U and Z have the 
meanings already given, 

and then this partial fragment having general formula ABC is cyclized to an cpothilone 
derivative of the general fonnula. 

13. Intermediate products having general formula B 




B 



where 

R»', R**', K^' and R"** have the meanings already given for R', R^. R* and R**. and 
R'^ stands for a hydroxyl group, halogen, a protected hydroxyl group OPC, a 

phosphonium halide group PPh,*Hal* (Ph = phenyl; Hal « F. CI, Br, I), a 
phosphonate group P(0)(0Q)2 (Q = Ci^Cio alkyl or phenyl) or a phosphine 
oxide group P(0)Phs (Ph = phenyl). 
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C 



where 

R^', R*" have the meaning already giwea for R' and R' in general formola I and 

R'f stands for a hydrogen atom or a protective group PC, 

U stands for an oxygen atom, two alkoxy groups OR*, a C2-C10 alkylene-a,(i>- 

dioxy groiq). which can be straight-chain or branched. WGR^ or a CR"R" 

groiq), 

where 

R* stands for a Ci-Cn aUcyl group, 

RIO stands for hydrogen or a protective group PG*, 

R", R*' are the same or different and stand for hydrogen, a CfCu aU^U 
aryl. CrAo aialkyl group or R" and R" together with the 
methylene carbon atom can stand for a 5- to 7-membered carbo- 
^dicring, 

W is an oxygen atom, two zXkoity groups OR", a €2-0,0 allgrlene-a,(0-dioxy 

gro\q>, which can be straight-chain or branched or H/OR^. 
where 

R" stands for a Cj-Cia alkyl group, 

R** stands for hydrogen or a protective group PG^. 
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BC. 



where 



R^ R**, R*. R*. R*. R**, R', R», D, E, U and V have the meanings already given above. 
16. Intermediate products of general formula ABC 



ABC, 

where R", R», R^ R» R', R*. R*. R*. R« R**. R'. R«. R", R". D, E, U and Z have the 
. meanings abeady given above. 

17. Pharmaceutical preparations, containing at least one compound having general formula 
I according to Claim 1, as well as a phaimaceutically compatible carrier. 

18. Application of the compounds of general formula I according to Claim 1 for the 
production of drugs. 




■IT 
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